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Bloomington Environmental Quality Indicators (BEQI):
Green Infrastructure section UPDATE

BACKGROUND

Green infrastructure and ecosystem services

We are all familiar with the infrastructure of theilt environment. Buildings, roads, water and gger
utilities—they all provide valuable services esgdnto life in a city. But did you know that equall
essential to human well-being is the green inftastire in our cities?

Green infrastructureas opposed to the grey infrastructure descrilbede is the living infrastructure in
cities. Green infrastructure aims for tieeology-based management of water, air or energyrees and
other vegetation, including street trees, city pagkivate yards, gardens and other greenspadesitioa
ponds with vegetation, and even green roofs, alf ph important role in providing ecosystem sewice
city residents. Proper placement and maintenahage®n infrastructure can result in many benefits
provided to the city and its inhabitants, such raydased human health and well-being, stormwater
mitigation and increased water quality, increasexp@rty values and business revenues, decreasad urb
heat island effects, conservation of wildlife hatstand biodiversity, and provision of food for tmban
population’ These benefits can be thought of collectivelg@ssystem services

In general, ecosystem servicase theprovisioning, supporting, regulatingand cultural serviced that
humans derive directly or indirectly from ecosysseand their functioningln rural areas, such as forests,
farms, and water bodies, the ecosystem servicesuthalirectly provided by nature include game sgsec
fish and seafood, pharmaceuticals, food crops,dimfuel, and fiber; these types of services alieda
provisioningservices, because nature provides humans withdbes we need to survive.ess obvious
are services that have not traditionally been ttaishethe marketplace, such as nutrient cyclingl soi
formation, and pollination (callegupportingecosystem services); modulation of climate, mitaya of
floods and droughts, and air and water purificatjoalled regulating services); and aesthetic beauty,
recreation and personal enjoymeatil{ural servicesj. These non-use values of ecosystems are equally
important or more important than the use valuegarfds obtained from ecosystems. This applies in
particular to cities and urban areas where theelargcks of land frequently required for provisiumi
ecosystem services (such as crops) are scarce.

Ecosystem services are based on intricate biogaucheprocesses and ecological interactions th&ema
them difficult or expensive to duplicate with modeechnology. Likewise, monetary values for these
services can be difficult to assess, although esémindicate that the earth's ecosystems amousd to

1 wolf, K.L. 2010. Urban Ecosystem Services: MetmtiNe and Human Well-Being. In: Laband, D.N. (edijking Science
and Society, Proveedings of Emerging Issues alabgtjRural Interfaces Ill, Aug 2010, Atlanta, GAnlDde available at
http://www.naturewithin.info/CivicEco/Interfaces#d20Prcdngs HHWB%20Urban%20Eco%20Services.Dec20fl.psit
accessed 13 Jul 2011.

2 University of Washington. "Green Cities: Good HR&ltOnline available alittp://depts.washington.edu/hhwibast accessed
11 Oct 2012.

% [MA] Millennium Ecosystem Assessment Board. 20B6osystems and Human Well-beiRgance: World Health Organization.
64pp.Online available ahbttp://www.who.int/globalchange/ecosystems/ecogifs st accessed 13 Jul 2011.

4 Costanza, R. R. d’Arge, R. de Groot, S. FarberGkasso, B. Hannon, K. Limburg, S. Naeem, R. V. €fINJ. Paruelo, R.G.
Raskins, P. Sutton, & M. van den Belt. 1997. Theeaf the world's ecosystem services and natwapital. Naturg 387: 253-
260.

®> MA 2005.

® MA 2005.
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much as $28-50 trillion of services annudlijor example, over 100,000 species of insects aimdads
supply pollination of plants, providing a servicgal to the successful yield of crops (as well aklw
plants). One third of fruits and vegetables conglrhg humans are from plants pollinated by wild
pollinators, meaning that pollinating animals andeicts provide free to us a service valued forliBe
alone at $4-6 billion dollars annuafly.

Ecosystem servicesin cities

Ecosystem services are provided in cities by thamecosysterThe urban ecosystem includes both the
natural and human components of a city, as wellthes interactions between these components.
Components of urban ecosystems provide ecosystevites of similar and different types as those
provided by rural ecosystems. Gardens and farrb®fim urban and rural areas, for instance, can geovi
an ecosystem service in the form of food for pedplesat. Trees, however, provide very different
ecosystem services in rural areas and in citiesurial forests, trees either provide timber for kearor
sequestered carbon, while in urban areas, the prib@enefits they supply are aesthetic appeal andesh
Green infrastructure, or living infrastructure,aities provides many ecosystem services to citigleass.
The following sections will discuss specific urbagosystem services provided by specific types eégr
infrastructure in cities, as well as green infrasture indicators associated with each ecosystewicee
for the City of Bloomington.

" Values stated in terms of 2011 dollars, conveitteeh 1994 dollars as presented in Costanza et 997).

8 Ecological Society of America. "Ecosystem Servitédsailable online at
http://www.actionbioscience.org/environment/esalhtrast accessed 11 Oct 2012.

° Wolf 2010.
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ECOSYSTEM SERVICE #1: STORMWATER MANAGEMENT

Development and land use patterns in cities di@tichange stormwater runoff patterns in urbarasire
as compared to natural, undeveloped lands.ZDI0& Bloomington Street Tree Repframes the concept
nicely:

“When a raindrop hits the ground, one of two thing# happen. The water can either soak into the
ground providing moisture to growing plants andlegpishing groundwater supplies, or if there is too
much water to soak in or it hits an impermeabldaue, the water will become stormwater rundff.”

Figure 1 below illustrates where rainfall goes befand after urban development. In natural areas,
approximately 10% of rainfall originating from ash runs off along the surface of the ground; inaur
areas, however, with 75-100% impervious (or impexrnhe) surfacegsuch as rooftops, roads and parking
lots, trlliough which water cannot penetrate), apgprately 55% of the water that falls in a storm is
runoft.
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Figure 1. Changes in the destination of rainwater d  uring and after a storm or rainfall . In natural areas, with no

impervious surface cover and only natural ground cover (including much vegetation), 50% of rainfall filters into the
soil, 40% is returned to the atmosphere through evaporation and transpiration by plants (see the Urban Heat Island
section for more on evapotranspiration), and only 10% runs off the surface into local waterways. In urban areas, on
the other hand, which can have up to 75 or 100% impervious surfaces through which water cannot penetrate, only
15% of rainfall filters directly into the ground, 30% or less is returned directly to the atmosphere through evaporation
from surfaces and evapotranspiration by plants, and approximately 55% of rainfall is runoff, requiring expensive
stormwater infrastructure to channel this water away from the buildings and roads in our cities. [Source: EPA 2003: 1]

10 Fischer, B.C., M. Steinhoff, S. Mincey, & L. Dy2007. The 2007 Bloomington Street Tree Report: Aalsis of
Demographics and Ecosystem Services. BloomingtdatForestry Report 01-07. 29pp. Online available a
http://bloomington.in.gov/media/media/applicaticitf/2337.pdf Last accessed 30 June 2011. p.19.

1 [EPA] U.S. Environmental Protection Agency. 20B8otecting Water Quality from Urban Runoff. EPA 88D3-003.
Washington, D.C.: United States Environmental Rittda Agency, Nonpoint Source Control Branch. Oalavailable at
http://www.epa.gov/npdes/pubs/nps_urban-facts_.fudélLast accessed 13 Jul 2011.
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As stormwater runs off urban surfaces, it gathetufants and contaminants along the way. Many
sources contaminate stormwater: fuel and oil resideft by cars on parking lots and roads, chemical
that leach from asphalt shingles on houses andibgs, particles of air pollutants that have sdtta all
surfaces, chemical fertilizers and pesticides ftamns, sediment from loose soil on constructiorssit
and even little bits of tires that wear off duringrmal automobile use all end up in our stormwter.
Conventional grey infrastructure in cities channbis stormwater surface runoff from urban areds in
underground pipes, concrete culverts (covered gndend streams), and retention ponds, and eveptuall
back into natural water bodies. However, thesehaeisms are costly to install and maintain, and can
result in the accumulation of sediment and polligawhich are then dumped into natural waterways,
often with minimal filtering or treatment. (For orination on stormwater management in Bloomington,
see theCity of Bloomington Utilities Department websiéad theMonroe County Highway Department’s
Stormwater Quality webpage

Low impact development (LIDUses a combination of site and building desigatsgies to reduce the
guantity of runoff from a site, limit the impact ¢iie development on the amount of contaminants
contained in that runoff, and decrease costs afrstater management on the sité’ Low impact
development methods have been shown by EPA sttaliesult in 15-80% cost savings due to reduced
or avoided costs for site grading and preparat&iormwater piping and culverts, site paving, and
landscaping® LID methods include use of green, or living, asfiructure (such as trees, vegetation in
stormwater ponds and on slopes, and specially meditandscaping that allows water to filter inte th
ground rather than drain off site) to minimize tttenge in stormwater runoff and infiltration resgt
from development® By decreasing both the total amount of water &edoeak flow of water delivered to
the stormwater sewer system, green infrastructaneatso help decrease the number of combined sewer
overflows (CSOspccurring per year, and decrease the severityasfet that do still occdf.

Green infrastructure helps decrease the amouninufffr discharged to stormwater sewers after a large
rainstorm through three main mechanisms:

1. First, green infrastructure’s_pervious surfabefp absorb rainwater into the ground where isfal
When rain lands on impervious surfaces, water dasimé into the ground. Instead, it flows downhill
and pools in low places or drains into a storm seviRervious surfaces, in contrast, handle rainreviite
falls rather than moving the problem somewhere. ef3arvious surfaces include both greenspace, asich
private lawns, city parks, gardens, or unpaved kg areas of gravel or pavement made from perameab
materials such as pervious concretepervious brick pavers. Green roofghich can absorb and retain
stormwater and decrease rooftop runoff, are alg@e of pervious surface. The focus of this sectd
the BEQI report is living, green infrastructure lou areas that must be paved, permeable paveraant ¢
help substantially in mitigating stormwater runoff.

12 bid.

13 Eason, C.T., J.E. Dixon, & M.R. van Roon. 2009rans-disciplinary research approach providingadftm for improved
urban design, quality of life and biodiverse urlegnsystems. p.470-483. In: McDonnell, M.J., A.Khsla& J.H. Breuste (eds.)
Ecology of Cities and Towns: A Comparative Approd&ambridge, UK, Cambridge University Press, 714pp.

[EPA) U.S. Environmental Protection Agency. 20B&ducing stormwater costs through Low Impact Dawelent (LID)
strategies and practices. EPA 841-F-07-006. Wastind.C.: United States Environmental ProtectigeAcy, Nonpoint
Source Control Branch. Online available at

http://water.epa.gov/polwaste/green/upload/2008021NPS lid_costsO7uments_reducingstormwatercogtif-2.ast accessed
13 Jul 2011.

15 |bid.

18 Eason et al. 2009; Van der Ree, R. 2009. The ggabroads in urban and urbanizing landscape85196. In: McDonnell,
M.J., A.K. Hahs, & J.H. Breuste (ed&gology of Cities and Towns: A Comparative Approdambridge, UK, Cambridge
University Press, 714pp.

17 See EPA's Office of Stormwater website for moreimation on combined sewer overflows:
http://cfpub.epa.gov/npdes/home.cfm?program_id=5
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2. A second type of green infrastructure that hdgsrease stormwater runoff is the urban for&siring
rainstorms, the leaves and branches of large gemging in urban areas intercept rainfall and detey
amount of time it takes for the water to reachdghmund and flow into the storm sewer system. Is th
way, trees decrease the peak load of water entaritity’s storm sewer system. The trees also absor
some of the water that falls onto them and give es@ihthe water on their surface time to evaporate
before it can trickle down to the ground. Treesréfiore decrease the total amount of water thas doe
ultimately reach the ground. Street trees canigeogubstantial stormwater benefits to a city. For
instance, it is estimated that street trees inaimafs cities provide more than $24 million in stamater
benefits annually?

3. Lastly, the plants in green infrastructure dies such as bioswalesin gardensdetention ponds,
and other forms of natural landscaping can helpondt absorb stormwater, but filter out the polhita
and contaminants in urban runoff before the wagaclhes groundwater systems or surface water feature
such as streams rivers and lakes. Bioswales andjaadens work by directing stormwater into lownlyi
areas of vegetation where plants can trap sedimedtfilter pollutants out from stormwater runoff.
Detention ponds with native, water-loving plantsrkveimilarly to bioswales and rain gardens but are
designed to hold larger amounts of water for longaiods of time. In lawns or gardens, areas véggta
with native plants generally allow stormwater taidrback into the ground much more effectively than
areas vegetated with turf grdss.

Stormwater management and green infrastructure in Bloomington

The City of Bloomington is actively using a variattypes of green infrastructure to mitigate stoater
runoff. Bloomington has chosen the following iratrs to illustrate how green infrastructure iscuse
our city to manage stormwat@r(Note that the indicators presented below aremezint to illustrate total
city performance on stormwater management, butnagant to reflect green infrastructure related to
stormwater. For more on city stormwater manageraedtprograms, please see @ity of Bloomington
Utilities webpage(For a complete list of all indicators for alltegories, clickherg:

» Indicator #1a: Percent of street tree spaces fillecstreet trees, like all trees, help slow the amaxdint
rainwater that reaches the ground during a stoewredising runoff to storm sewers. The greater the
percentage of filled street tree spaces, the bittenrban forest intercepts stormwater, whichesto
decrease runoff and the frequency and severitpaiined sewer overflows.

* Indicator #1b: Percent of street trees that are lage/mature (>18” in diameter).Large/mature trees,
with a diameter of greater than 18 inches andeadamopy frequently of greater than 40 feet in eim
intercept stormwater better than smaller diameeastwith a correspondingly smaller canopy.

* Indicator #4a: Number (and percent) of new developmnts (since 2001) using methods of biofiltration
(i.e. bioswale, rain garden, detention pond nativplants). Biofiltration features within urban

18 |ndiana Urban Forest Council. 200&ban Trees: The Ultimate Stormwater Treatment Bl&ihe Sample Urban Statewide
Inventory (SUSI) Fact Sheets. Online available fidtp://iufc.org/media/susiStormwater.pdf

¥van der Ree 2009.

20 A note on all Green Infrastructure Indicators: Tty of Bloomington Environmental Commission renas that the
indicators chosen for each ecosystem service are diectly indicative of the green infrastructfeatures themselves, rather
than actually measuring the service provided bygtieen infrastructure. Although many attempts Hzeen made to put
measured values on urban ecosystem servicesrteagls of food provided by urban gardens, tons dfarasequestered by the
urban forest, gallons of stormwater interceptedtbget trees, dollar-increase in property valusaltieg from living %2-mile

from a city park, etc.), we have elected to insteadray the physical entities of green infrasttwetas our indicators (e.g.,
numbers of gardens, trees, or native plantingsig\wieg that these can be more easily observeddiyiduals in Bloomington.
Additionally, there are many problems with the abstion that results from use of valuation methimdsalculate, for instance,
gallons of stormwater intercepted by street treeslollar-increase in property values due to threxionity of green infrastructure.
Values calculated from models or equations areliggnsitive to the structure of the model andvdlees of parameters with
which it was created. Thus, in the interest ofitglaand of avoiding controversy, we choose tokrimtlicators that can be easily
measured and observed on the ground.
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developments help not only slow surface runoffioatjng from roads and rooftops, but also enable
pollutants and sediment to be filtered out of tiewater and runoff before it drains into local rat
features.

* Indicator #4d: Number of developments with green rofs. Vegetation on green roofs can intercept and
absorb stormwater, which reduces rooftop runoff.

» Indicator #5b: Number of public facilities using sbrmwater biofiltration. As mentioned above,
biofiltration slows surface runoff and filters pathnts from stormwater.

How does Bloomington measure up on these indicators?

The following table tells us how Bloomington stadkis on each of the above indicators related to
managing stormwater with green infrastructure. (&aromplete list of all indicators for all categ,
click here)

Green Infrastructure Indicator Value” Last
update
#1a: Percent of street tree spaces filled. 75%°2 2007
#1b: Percent of street trees that are large/mature” (mldiameter). 17%2 2007
#4a: Number (and percent) of new developments (sincd R08ing methods 18 (11%) 2011
of biofiltration (i.e. bioswale, rain garjedetention pond native plants)
#4d: Number of developments with green roofs. 3! 2011
#5b: Number of public facilities using stormwater bitfition. 6° 2012

" Footnotes on values in table indicate the sourfdthe information for the indicator:

& Fischer, B.C., M. Steinhoff, S. Mincey, & L. Dy2007. The 2007 Bloomington Street Tree Report: An
Analysis of Demographics and Ecosystem ServicesorBington Urban Forestry Report 01-07. Available at
http://bloomington.in.gov/media/media/applicaticuf/2 337.pdf

' The City of Bloomington Planning Department. Eouimental Agreements of Developments Database.

P Visited www.greenspots.iand spoke with Mike Hicks, Capital Projects Mamagsty of Bloomington
Utilities, 25 June 2012 and Steve Cotter, NadtResources Manager, City of Bloomington Parks and
Recreation, 2 July 2012. Note: Utilities Depeent Administrative Office Building, located o0GE.
Miller Drive, has pervious pavement, rain garslea bioswale with native plantings. Miller-Shasv@ark,
located on 1500 N. College Avenue, has largerdi®n ponds that retain storm water draining fimrar 170
acres of downtown Bloomington. Griffy Lake Neg Preserve, located at 3300 N. Headley Road? nais
gardens filtering runoff from parking area lrefd enters the lake. Lower Cascades Park hasvéopis
pavement parking lot. Bryan Park has a natparian buffer along its creek. The Goat Farnated along
the Jackson Creek Trail near the Sherwood ®akk has a native riparian buffer along JacksoreiCaad in
the floodplain.
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ECOSYSTEM SERVICE #2:|NCREASED BUSINESS ANDHOME VALUES

In addition to helping decrease stormwater managermests for a city, green infrastructure can also
increase business and home values. Greenspackkiridd, such as parks, urban woodlands, gardens,
street trees, and yard trees can all increase pyop&lues for businesses and homeowners. People ar
attracted to the aesthetic that a treed streetemhborhood provides, and are often willing to ay
premium for thi$! Houses adjacent to parks or open spaces typicaftymand a price between 5 and
20% higher than homes not adjacent to these amsfitilot all types of parks or open spaces are valued
equally by homeowners, however. For instance,gadnsisting mostly of flat, grassy open areas and
recreational fields are valued less than parks withe ‘natural’ areas that include woodlands, ralhsl
valleys, or water features, such as ponds or waslanMore complex natural areas result in a higher
premium paid for nearby properti&s.

Individual yard and street trees can also increasielential property values. In new developmentereh
builders have taken care to preserve existing reatees or small forest patches, homes sell fdndrig
prices than in developments where no mature trees preservedf. Table 1 summarizes some observed
price increases for homes in residential areasdbasearious green infrastructure situations.

Table 1. Potential percent price increases for preservation, installation, and/or maintenance of green infrastructure in
residential developments in cities. [Source: Information adapted from Wolf, K.L. 2010. Urban Ecosystem Services:
Metro Nature and Human Well-Being. In: Laband, D.N. (ed.), Linking Science and Society, Proceedings of Emerging
Issues along Urban/Rural Interfaces Ill, Aug 2010, Atlanta, GA. [Online] Last accessed 13 Jul 2011. Available here.
See this source for a complete list of research that produced these estimates.

3-5% Trees included in front yard landscaping

10-15% Mature yard and street trees in a high-income neighborhood

18% Building lots (no house) with ample mature tree cover

19-35% House on lot bordering a wooded preserve in a suburban area

32% Houses in residential developments adjacent to greenways/greenbelts

10% Inner-city house located within ¥ mile of a park OR within 2-3 blocks of a heavily used
recreational park

8% Home with a view of a park

4-5% Apartment or condo in multifamily building with a view of a forested area

In addition to increased real estate value fordesdial properties, business owners in heavilydree
commercial centers or business districts (Figureal) also experience increased shopper spending at
their businesses. Work by Kathleen Wolf, a redearat the College of Forest Resources of the
University of Washington has revealed that on ayerahoppers in small city retail districts arding to
spend more money per item in districts with treesygared to those withofitin addition to increased

2L See the following source for a simple explanatibhow researchers determine the contribution eégrinfrastructure to
home and property values: Wolf, K.L. 2010. Urbam&stem Services: Metro Nature and Human Well-Bdimg_aband, D.N.
(ed.), Linking Science and Society, Proceedingsrérging Issues along Urban/Rural Interfaces IUg/&010, Atlanta, GA.
Online available at

http://www.naturewithin.info/CivicEco/Interfacesi20Prcdngs HHWB%20Urban%20Eco%20Services.Dec20fl0.psit
accessed 13 Jul 2011.

22 Crompton, J.L. 2001&arks and Economic DevelopmeRAS Report No. 502. Chicago, IL: American Plagnissociation.
% Crompton, J.L. 2001b. The impact of parks on priypealues: A review of the empirical evidendeurnal of Leisure
Research33(1): 1-31.

2 \Wolf, K.L. 2010. Urban Ecosystem Services: Met@tiNe and Human Well-Being. In: Laband, D.N. (etinking Science
and Society, Proceedings of Emerging Issues alabgriJRural Interfaces Ill, Aug 2010, Atlanta, GAnle available at
http://www.naturewithin.info/CivicEco/Interfacesi20Prcdngs_ HHWB%20Urban%20Eco%20Services.Dec20fl0.psit
accessed 13 Jul 2011.

S Wolf, K.L. 2005a. Trees in the Small City Retaildness District: Comparing Resident and VisitaicBptions.Journal of
Forestry, 103(8): 390-395.
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spending once at a business, Wolf also found tbasumers would travel longer times and greater
distances to reach shopping districts with treesl, stay longer in these shopping districts onceg the
arrived®® In larger cities, shoppers visiting central basm districts were more willing to pay for parking
in districts with large shade trees compared ttridis without trees or vegetatiéhln both small and
large cities, residents and visitors preferreddrsieetscapes, and perceived a more pleasantisgopp
experience ther&.(For more research on the impacts of green infratre on local economies, see the
“Green Cities: Good Health” websjtesponsored by the University of Washington and W& Forest

Service Urban & Community Forestry Program).

- O S e TSR

Figure 1. Trees and vegetation along business district streetscapes both improve the aesthetic appeal and cool the
physical environment, potentially making people more likely to want to spend time in the retail district. (Image source:
Wolf, K.L. 2009. Trees Mean Business: City trees and the Retail Streetscape. Main Street News, 263: 1-9).

Related research in commercial settings has shiestmature or greenery in retail areas can lifintto®d

of shoppers and reduce any stress that may beiasgbwith the shopping experience (e.g., stresseth

by the attempt to find a specific good under caiséd time and budgetary resourc@®y providing a
green/natural “shopping environment” that allevéateistomer stress, retailers are likely to see [srgp
willing to spend both more time and money in tretare® Natural elements and vegetation within and
around shopping environments can provide consumeest from the “Directed Attention Fatigue” that
can result from information and sensory overloaduatng in a busy store, and also may decrease
instances of “purchase postponement” resulting fiiois fatigue® In this way, green infrastructure such
as street trees and landscaping around storefroariscontribute to an improved consumer experience
and more profitable in business districts.

% Wolf 2005a.

27 \Wolf, K.L. 2005b. Business District Streetscapeees, and Consumer Resporkrirnal of Forestry103(8): 396-400.

2 \Wolf 2005a, 2005b.

2 Joye, Y., K. Willems, M.Brengman, & K. Wolf. 201The effects of urban retail greenery on consurrpegence: Reviewing
the evidence from a restorative perspectildan Forestry & Urban Greenind): 57-64.

%0 Joye et al. 2010.

%1 Joye et al. 2010.
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Business and home values and green infrastructure in Bloomington

The City of Bloomington likely benefits from incresd business and home values as a result of our
substantial green infrastructure. Bloomingtoneisognized for our investment in and care for obaar
forest by the Arbor Day Foundation as a Tree Ci8AU To track how well we are doing in improving
our green infrastructure in order to increase ®ssrand home values, the following Indicators ekgr
infrastructure have been chosen. (For a complgttefliall indicators for all categories, clibkrg:

» Indicator #1b: Percent of street trees that are lage/mature (>18" in diameter).Large, mature street
trees make a neighborhood or business district tiooke aesthetically appealing, thus increasingéhee
homeowners, renters, or businesses are willingyote reside there.

» Indicator #1c: Percent of street trees that are young (<6” in diameter). Young street trees do not
directly increase the value of a home or businasisgdo ensure the existence of a replacement piiqula
of street trees to replace the large/mature trédesthey reach the end of their urban life. Thisuees that
the home and business values will not drop suddéalgtorm or insect invasion causes all the o&dure
trees to become ill.

* Indicator #1f: Ratio of the number of trees plantedto the number removed per yearln order for trees
to continue to provide value to the homeowner @ifess owner, a sustainable tree population (¢hat i
either remaining stable or expanding in numberexdg) must exist.

« Indicator #1g: Tree City USA status and Tree City Gowth Award secured yearly. Tree City USA
status is an indication of investment at the Gityel in the urban forest and the benefits it presitike
increased business and home values. The Tre@a®@#yd requires that a city have a tree ordinante, a
annual Arbor Day celebration, a tree board or cossian, and spend at least $2 per capita on theurba
forest. The Tree City Growth Award indicates a oeed increase City commitment to the urban forest.

» Indicator #5a: Number (and area) of public parks inBloomington. Because home values are higher
adjacent to, and in the vicinity of, public paritsg number and area of city parks located in Blogtan is
important to increasing local home values.
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How does Bloomington measure up on these indicators?

The following table tells us how Bloomington stadks on each of the above indicators of green
infrastructure related to business and home vali@s.a complete list of all indicators for all egbries,
click here)

Green Infrastructure Indicator Value Last
update
#1b: Percent of street trees that are large/mature” (mldiameter). 17%?% 2007
#1c: Percent of street trees that are young (<6” in dian). 26.7%% 2007
#1f. Ratio of number of trees planted to number rem@ardyear. 388:125 2009
#1g: Tree City USA status and Tree City Growth Awardwsed yearly. YES and NGO 2010
#5a: Number (and area) of public parks in Bloomington. 26 (214.02 acres) 2012

" Footnotes on values in table indicate the sourfdhe information for the indicator:

& Fischer, B.C., M. Steinhoff, S. Mincey, & L. Dy2007. The 2007 Bloomington Street Tree Report: An
Analysis of Demographics and Ecosystem ServicesofBington Urban Forestry Report 01-07. Available at
http://bloomington.in.gov/media/media/applicaticuf/2 337.pdf

® Tree City USA data obtained from P. Louks, Comityu& Urban Forestry Coordinator, Indiana Departinen
of Natural Resources, personal communication, 1i2uzey 2010

° Acreage Inventory data obtained from Dave Wilkai@ity of Bloomington Parks & Recreation Departinen
08 June 2012. Note: only based on “developed’agrén Broadview Park, Bryan Park, Building & Trade
Park, Upper and Lower Cascades Park, Crestmont Parguson Park, Griffy Lake Nature Preserve, Highl
Village Park, Leonard Springs Nature Park, MaplégHis Park, Miller-Showers Park, Olcott Park, PRiige
Park, Park Ridge East Park, Peoples Park, RCA CaritynBark, Reverend Butler Park, Schmalz Farm Park,
Seminary Park, Sherwood Oaks Park, Southeast &adkT hird Street Park.
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ECOSYSTEM SERVICE #3: DECREASED URBAN HEAT I SLAND (UHI) EFFECTS

The many facets of urbanization in cities and towesult in higher temperatures in these areas than
surrounding rural areas. This effect is calleduh®an heat island (UHI'he urban heat island is defined
as “those urban areas where the surface, sub-surfaceao temperatures are higher than the
corresponding temperatures in surrounding ruralas&®* The overall UHI effect results from the same
processes that influence temperatures in rurabargaocesses that are affected by land cover lypal,
moisture regimes, albedoadiant heat, and a host of other factdfé Elevated temperatures in urban
areas specifically are caused by various factdrs: decreased ability of urban areas to experience
evaporative cooling (because of a decrease in &gget and an increase in runoff due to increased
impervious surfaces), increased heat absorptiaritign areas (due to a decrease in reflectivitg/lmedo,
and the subsequent increase in heat radiated feataisorbent surfaces), and an increase in waate h
produced by cars, buildings, etc. (see Figur& 1).

Figure 1. Simplified model of the processes driving the increased temperatures resulting from the UHI effects.

The UHI can result in an average annual air tentpegaifferential(increase in the temperature of urban
areas over that of adjacent rural areas) of 1B4c°F (1 to 3 °C) and as much as 12.6 to 21.67° (
12 °C) during summer eveningfs.The urban heat island effect increases in madeitith increasing
city size, but even smaller cities and towns hav@esincrease in temperatures relative to surrogndin
rural areas.

There are two components of the urban heat islapact: surface temperature changes and atmospheric
temperature changes. The UHI effect can raise eéesyres both on the surface and in the atmosphere
above urban areas, but surface temperatures exhnéater variability, both between surfaces (eaga
dark asphalt road surface compared to white rodése), from day to night, and between rural arizhor

32 Alcoforado, M.J. & H. Andrade. 2008. Global Wanmiand the Urban Heat Island. p.249-262. In: MdfzIuM., G. Bradley,
E. Shulenberger, C. Ryan, W. Endlicher, U. SimonAlerti, & C. ZumBrunnen (eds.lJrban ecology: An international
perspective on the interaction between humans atat® New York, Springer. p. 250.

33 Kurn, D.M., S.E. Bretz, B. Huang, & H. Akbari. 199he potential for reducing urban air temperaturesi@nergy
consumption through vegetative coolifgcific Grove, CA: American Council for an Enefficient Economy Summer Study
on Energy Efficiency in Buildings. 31pp. Online dahble athttp://www.epa.gov/heatisland/mitigation/trees.htrast accessed 8
May 2011

34 Arnfield, A.J. 2002. Two decades of urban climasearch: A review of turbulence, exchanges ofggnend water, and the
urban heat islandnternational Journal of Climatology23: 1-26; Alcoforado & Andrade 2008.

35 Kurn, et al. 1994; Arnfield 2002; Alcoforado & Aratle 2008; (EPA) U.S. Environmental Protection Amyer2008a.
Reducing Urban Heat Islands: Compendium of StragegVashington, D.C.: United States EnvironmentaieRtion Agency,
Office of Atmospheric Programs. Online availablép://www.epa.gov/heatisland/resources/compenditrm.Last accessed 9
Apr 2011.

% EPA 2008a.
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areas, compared to the atmospheric temperaturgebatue to the UHI (see Figure®2)Yhis is due to
the greater mixing of air that occurs in the atnmesp relative to the ground, resulting in relatvel
homogenous atmospheric air temperature increagesigtiout an urban area. Differences in air
temperature within the city tend to be more clodalked with distance from the ground than with
horizontal features; for instance, the canopy-léfr@im ground-level to the tops of buildings aneets)
experiences greater temperature differentials tharboundary layeof atmosphere (above the tops of
buildings and trees, where air is more well-miX&dThe unique characteristics of surface-level and
atmospheric UHI effects have important implicatidos how vegetation can be used to mitigate those
effects.

Boundary air layer,
well-mixed air, less
difference between
2ir temperature over
ral and urban

Canopy-level air
layer, air less mixed,
air temperature more
influenced by local
surface heat island
effects

Figure 2. Relative temperature differentials at the surface and canopy-level and boundary layer air, resulting from
urban heat island effects. Temperatures on urban surfaces (building walls and roofs, roads, etc.) are much greater
compared to rural surfaces (grass and forests outside of urban areas). Canopy-level air temperatures (between the
ground and the tops of buildings) are slightly greater than canopy-level air temperatures in forests outside urban
areas; while, boundary layer air temperatures (above the tops of buildings and trees) are only slightly higher than
boundary layer temperatures in non-urban areas, due to the greater mixing of the air occurring in the absence of
obstacles. (Figure design: J.M. Vogt.)

ST EPA 2008a
S8 EPA 2008a
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Vegetation and green infrastructure moderates tleeteof the urban heat island through three major
pathways: direct shading, evapotranspiration, &edurban breeze cycle (see Figuré®3jegetation —
particularly large trees — shades and cools thaceitemperature by preventing 70-90% the sun’sggne
from reaching the area beneath trees and vegefdtnfaces shaded by vegetation may be up to 20-45°
F (11-25° C) cooler than the surrounding un-shaslethces’ You can feel this difference every time
you walk under the shade of a tree after beingpénsun, or park your car in a shaded spot in thidna

lot. This decreased surface temperature reducedraeamitted to buildings and air surrounding sthd
surfaces, further mitigating UHI effects.

e

Figure 3. Vegetation mitigates the urban heat island (UHI) via three pathways: (1) shading, (2) evaporative cooling,
and (3) the urban breeze cycle. (For a detailed version of the urban breeze cycle, see Figure 4.)

Any vegetation planted in cities increases the etrapspirationcapacity of the city. Evapotranspiration
helps dissipate heat energy trapped by the UHht®labsorb water via their roots (transpirationdl an
transfer the water to its leaves, which then evafigowater through the pores in the leaves. Wdser a
evaporates from the soil surrounding the vegetatilbnboth instances, water evaporating from sod a
the leaves of plants uses energy obtained from inetite air, thereby decreasing local temperatures.
Humans experience this same cooling process wheat®vaporates off their bodies. Vegetative patches
or individual trees in cities can cumulatively hazelarge impact on increasing the amount of heat
dissipated through evapotranspiratfon.

The urban breeze cyct# cities also influences the effect vegetatioa ba the UHI (Figure 4). Warm air

is lighter and less dense than cooler air. Warncraiated in cities rises, spreads out, and evépntuabls

and sinks over non-urban areas. Because this gdal raral areas is of higher atmospheric pressiaa

the warm air in cities, the cool air flows backairthe city, moving as wind from an area of highsgrge

to an area of low pressure. The influx of cool nwban air displaces more warm urban air, which once
again rises, spreads out, and cdblResearch has demonstrated that air temperatutess developed
areas abutting urban areas are between 2 andamd(5° C) cooler than open or bare areas (Tgble 1
Proper vegetation located around the peripheryit@sccan enhance the cooling effects of the urban
breeze cycle because the vegetation will furthed tloe air being blown back into urban areas, thus
reducing urban temperatures and UHI effects. Tharubreeze cycle can also create cooling effetes o

3% (APA) America Planning Association. 200How cities use parks for climate change managen@ityt,Parks Forum Briefing
Papers. Chicago, IL: American Planning Associatipp. Online available at
http://www.planning.org/cityparks/briefingpaperétatechange.htrast accessed 2 Apr 2011.

40EPA 2008a.

41U.S. Environmental Protection Agency (EPA). “Heslaihd Effect.”Online available abttp://www.epa.gov/heatisland/
Last accessed 10 Oct 2012.

“2EPA 2008a.

“3EPA 2008a.

44 APA 2007.

45 EPA 2008a.
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micro-scale. If patches of vegetated greenspagdoaated throughout a city, air can be cooled on a

smaller scale within the city itself.

1 Heat radiated from buiidings, cars and roads in-
creases air temperature in the city, causing the hot

air to rise above the city Hot air spreads out

drawn into the city 5&
due to the decrease
in air pressure

é
caused by hot air
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Forest, air temperature cooler
than urban air temperature

Agricultural area, air temperature
cooier than urban air temperature

Urban center, air temperature warmer than
rural (forest or agricultural) air temperature

Figure 4. Urban breeze cycle. (1) Warm air from the center of an urban area rises and (2) spreads out above the city,
naturally cooling and becoming denser as it does so. (3) This cool, dense air then sinks into adjacent areas, creating
an atmospheric pressure differential between the city and surrounding rural areas that (4) draws the cool air from the
adjacent areas back into the city. The cooler the air in the adjacent areas, the greater the cooling effect on the city
when that air moves back into the urban center. This cycle can also occur at much smaller scales within the city itself.
[Source: Information from: America Planning Association. 2007. How cities use parks for climate change
management, City Parks Forum Briefing Papers. Chicago, IL: American Planning Association. 4pp. [Online] Available
at http://www.planning.org/cityparks/briefingpapers/climatechange.htm. Last accessed 2 Apr 2011. Figure design: J.M.
Vogt.]

Table 1. Comparison of temperatures in areas potentially adjacent to urban areas. These land cover types could be
the source of cool air drawn into the city by the urban breeze cycle. [Source: Adapted from U.S. Environmental
Protection Agency. 2008a. Reducing Urban Heat Islands: Compendium of Strategies. Washington, D.C.: United
States Environmental Protection Agency, Office of Atmospheric Programs. Online available at
http://www.epa.gov/heatisland/resources/compendium.htm. Last accessed 9 Apr 2011.]

Forested areas and woodlots 9°F (5°C) Open terrain (meadow, etc.)
Agricultural fields (irrigated) 6°F (3°C) Bare ground
Suburban area w/ mature trees 4-6°F (2-3°C) Suburban area w/o trees
Grass sports fields 2-4°F (1-2°C) Bare ground
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Urban heat island effects and green infrastructure in Bloomington

Green infrastructure, ranging from single treesribre parks, can help mitigate the UHI effectse Thty
of Bloomington has chosen the following indicattidrack several types of our green infrastructbed
relate to reducing the UHI. (For a complete lisabbfindicators for all categories, clitlere:

Indicator #1b: Percent of street trees that are lage/mature. Street trees reduce local temperatures by
shading houses, buildings, streets and yards aodtalough evapotranspiration.

Indicator #1f: Ratio of the number of trees plantedto the number removed per yearln order to
ensure mitigation of the urban heat island intofthiere, we must plant more trees than we remogh ea
year; otherwise, the loss of trees will resultimircreasing temperature differential.

Indicator #4c: Number (and area) of “conservancy esements,” as defined by the City Unified
Developments Ordinance (UDO) and dedicated by devagers.The urban breeze cycle operates on a
micro-scale in a similar fashion as the city-saalele described above (Figure 3). Thus, patches of
undisturbed vegetation within urban developmentstezp cool local temperatures.

Indicator #5a: Number (and area) of public parks inBloomington. Not only do parks also contribute to
local cooling via the urban breeze cycle, but thisp provide a comfortable refuge for city residentgo
to in order to escape the increased temperaturiee afity resulting from the UHI effect.

Indicator #6a: Number (and area) of conservation esements owned by nonprofits or government
agenciesOfficial conservation easements can also influgheanicro-scale urban breeze cycle and help
cool local temperatures. Conservation easemergiifiimg the agricultural easements) on the outskifta
city can help ensure that the air brought intotyttirough city-scale urban breeze cycle is cool.

Indicator #6b: Percent (and area) of total greenspee in Bloomington.Greenspace, as discussed above,
has both local cooling effects, via direct shading evapotranspiration, as well as city-level cupkffect
through the urban breeze cycle effects.

How does Bloomington measure up on these indicators?

The following table tells us how Bloomington stadkis on each of the above indicators related to
decreasing the urban heat island effect using gréeastructure. (For a complete list of all indizes for
all categories, clickere)

Green Infrastructure Indicator Value Last
update
#1b: Percent of street trees that are large/mature” (mldiameter). 17%* 2007
#1f: Ratio of the number of trees planted to number redger year. 388:125 2007
#4c: Number (and area) of “conservancy easements,” fazedeby the City 10 (79.107 acres) 2008

Unified Development Ordinance (UDO) andidated by developers.

#5a: Number (and area) of public parks in Bloomington. 26 (214.02 acres) 2012

#6a: Number (and area) of conservation easements ownadrprofits or
government agencies.

4 (266.2 acres) 2012

#6b: Percent (and area) of total greenspace in Bloommgt 38.5% 2007

(6,429.3 acres)

Last update: 7 November 2012

15



BEQI Green Infrastructure update Prepared by Jess Vogt and Meg Hathaway (EC Interns)

*

a

Footnotes on values in table indicate the sourfdd® information for the indicator:

Fischer, B.C., M. Steinhoff, S. Mincey, & L. Dy2007. The 2007 Bloomington Street Tree ReportAfalysis
of Demographics and Ecosystem Services. Bloomingtdian Forestry Report 01-07. Available at
http://bloomington.in.gov/media/media/applicaticuf/2 337.pdf

Tree City USA data obtained from P. Louks, Comityu® Urban Forestry Coordinator, Indiana Departtneh
Natural Resources, personal communication, 12 Rep2010

Linda Thompson, City of Bloomington Planning Depzent, “Conservancy Easements Database”, 24 August
2012. Addresses (area): 2401 W. Tapp Road (3553600 N. Prow Road (acres N/A); 3201 S. Wickens
Street (acres N/A); 2310 W. 3rd Street (acres N1I8PO0 W. Countryside Lane (1.057 acres); 1201 SthSm
Road (acres N/A); 751 E. Tamarack Trail (1.78 g¢r@B507 W. 3rd Street (17.27 acres); 3111 S. Webtrget
Pike (acres N/A); 2410 E. Moores Pike (acres N/A).

Acreage Inventory data obtained from Dave Willk@ity of Bloomington Parks & Recreation Departin©d
June 2012. Note: only based on “developed” ag@a@roadview Park, Bryan Park, Building & Tradeark,
Upper and Lower Cascades Park, Crestmont ParkusengPark, Griffy Lake Nature Preserve, Highland
Village Park, Leonard Springs Nature Park, MaplégHis Park, Miller-Showers Park, Olcott Park, PRitige
Park, Park Ridge East Park, Peoples Park, RCA CarnitynBark, Reverend Butler Park, Schmalz Farm Park,
Seminary Park, Sherwood Oaks Park, Southeast &adKkT hird Street Park.

1. Sycamore Land Trust holds two conservatioemaats within Bloomington city limits. One is 1&@s on
Lot 1 and Lot 2 of the Sakes Tarzian Subdivisidihe county assessor's property cards list the asesgor
these lots as 1113 E. Hillside Drive and 1020 $hhéind Avenue. The easement was recorded asrimestitu
#2002007421 on 4/1/2002 and rerecorded as instriu#@812003734n 3/9/2012. The other easement is about
0.2 acres, covering the south half of Lots 9 andflihe Allendale Addition. The property addres§17 S.
Henderson Street. The easement was recordedtagniest #2002030757 on 12/19/2002. (John Lawrence,
Assistant Director of Sycamore Land Trust, persaoaimunication, 20 June 2012). 2. Bloomington Bairkd
Recreation holds two parcels at Griffy Lake thaténhafficial conservation easements: the originafest
dedicated Griffy Woods Nature Preserve, which idelli240 acres, and the 10-acre Schneider propérigh
was added to the state-dedicated preserve. (Swtver, Natural Resources Manager, Bloomington $arid
Recreation).

City of Bloomington Environmental Commission & Winkle. 2007. Greenspace trends in Bloomington,
Indiana 1993-2007. City of Bloomington, Indianapp1Online available at
https://bloomington.in.gov/media/media/applicatfmf/2738.pdf Last accessed 30 June 2011.
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ECOSYSTEM SERVICE #4: FOOD FROM URBAN AGRICULTURE

At its simplest, urban agriculture can be definedthe growing of plants and the raising of animals
within and around cities*® Food production is usually the primary goal dfam farmers, but people

may also practice urban agriculture as a meansooluging non-food products such as straw or wool.
The products from urban agriculture may be growmfrsonal consumption, commercial sale, charitable
donation, or some combination of those optionshadragriculture can range in scale from a full-scal
farm to a single basil plant on your windowsillhéltheme uniting all these different variationsidfan
agriculture is location. Urban agriculture, unlégriculture in rural areas, is integrated direaitp a

town or city’s economic and ecological systéniThis fact presents urban growers with many exgit
opportunities for innovation.

Urban agriculture is for everyone. Individualsaadl as groups in the public, private, and non-prof
sectors can all take part in greening their ciiled turning local food deserts into greenspaceahtamwf
producing bountiful harvests. Gardening can takeform of backyard gardens, balcony gardens, garde
towers, grow bags, greenhouses, edible landscapengurban farms, indoor potted plants, lasagna
gardens, living plant walls, rooftop gardens, edigarden beds, vertical garden towers, and much.mo
Groups of people can work together to establishnsonity orchards, community gardens, urban and
peri-urban farms, and community supported agricell{CSA) programs.

Many people in Bloomington are already activelyalwed in urban agricultureCommunity gardeiplots
are available to the public through the City of @tungton’s Parks and Recreation Department. Local
food products can be bought and sold aBlemington Community Farmers’ Markahd though
Bloomington'’s various Community Supported Agricuifyprograms. Gardening advice is available from
theBloomington Organic Gardenergsidiana University’Hilltop Garden & Nature CentetheMonroe
County Master Gardener Associaticiasse®ffered through the Department of Parks and Réorea
and the Bloomington Environmental Commissiomégural landscapingage. Heirloom seed varieties
grown in Indiana since the nineteenth century afévated and sold by thé/ylie House Museum

Many local residents are also happy to share detsaeds with fellow gardeners. Various local
organizations promote urban agriculture, includimgBloomington Food Policy CoungiBloomington
Garden ClubBloomington Permaculture Guijl8loomington Community OrchartHoosier Hills Food
Bank Local Growers GuildMother Hubbard’'s Cupboay&low Food BloomingtonandTransition
Bloomington Bloomington is also a center of academic intarearban agriculture and is the first town
in the world to host hD program in the anthropology of food

6 Resource Centres on Urban Agriculture and FoodiBg¢RUAF) - http://www.ruaf.org/node/512/
47 1hi
Ibid.
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Figure 1 . Bloomington residents Meagan and Kristen Lukh with backyard chickens. City of Bloomington residents
can currently raise five or fewer hens, as defined by the guidelines in Title 7 of the Municipal Code. Bloomington
residents interested in raising chickens must first contact Animal Control and submit an application for a chicken flock

permit.

Communities and individuals benefit from urban agjture in many ways. Urban agriculture can
provide:

» affordable or donated food supplies for lower-ineopeople

» local economic vitality through the creation of g@mgobs, farmers’ markets, crop-sharing
programs, an@uy Localcampaigns

» afoundation for community sustainability that feefmldress concerns over food safety
and security

» increased feelings of personal empowerment andjleinnected to the environment

» improved health resulting from the physical exer@$ gardening

* relaxation and stress reduction

e opportunities for community engagement, from voda@ning to serving on the board of ja
local organization, that foster a greater send®lifnging and togetherness

Urban agriculture can be particularly beneficial young people. Greenspace gives urban youth toom
get outside and reconnect with nature. In additivban gardens can provide educational opporasjiti
starring as the location for active learning progsabout math and science as well as a way to teach
children about healthy eating.

Urban agriculture also promotes environmental stdgrap. Urban farms can reduce the burden on
municipal landfills by using a city’s organic wastier compost. In Bloomington, for example, food
waste from Indiana University’s Collins Living-Leang Center (a residence hall) is composted and use
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to fertilize a garden plot managed by the studemtigSPROUT §Students Practicing Organics under
the Sun). Replacing synthetic fertilizers and ¢pesticides with organic horticulture methodsrinam
agriculture leads to improved local soil health arader quality, which in turn supports local pland
wildlife communities. Locally grown food also rediscthe distance traveled by food from field to fork
thereby minimizing the packaging waste, energy gomgion, and vehicle emissions associated with
transporting what we eat.

Already an urban grower?

Consider reaching out the Bloomington communitysbgporting local philanthropic projects
such as the Hooiser Hills Food BaRlkant-a-Row for the Hungnitiative.

Urban agriculture is important because the wonpdipulation is growing and is increasingly living in
urban settings. With food safeayd food scarcitgoncerns on the rise, urban agriculture is a way f
citizens to educate themselves about where foodsdrom and work to integrate sustainable food
production into the places they live. In shortngean urban agriculturalist is a fun way to makeal
difference in the world and in your community.

No land? No excuse!

Bloomington apartment dwellers or other residenth imited space can still be involved with
urban agriculture. Residents can grow plants irglagent &community gardeplot, or volunteer
with one of the many gardening projects around t@auech as th8loomington Community
Orchardor Mother Hubbard’s Cupboard

Today, urban agriculture is becoming increasinglgylar around the world, partially in response to
several forces placing pressure on the global 8ystem. The world’s human population is growing
exponentially and is living in urban areas morenthaer befor®, creating increased demand for food as
well as obstacles to transporting food grown irarareas to where it is needed. In addition talfoo
scarcity threats, concerns about food safety a@gowing. To combat these issues, many arenitoi
urban agriculture. Recent food quality scandalShima, for example, have led thousands of Beijing
residents to start growing their own vegetabldsaitony gardef& Urban gardens are also increasingly
sprouting up in the disadvantaged areas of Afrimhlzatin America’s citie¥, with and without the help
of various non-profit and governmental organizagioiioday’s agricultural system may still rely lahg

on fossil fuels, synthetic chemical pesticides, gedetic modification, but local efforts are inGiealy
rallying international support for changes in haties can incorporate sustainable agricultanel more
security in the world’s food system into urban pilizg.

In the future, urban agriculture sites may shiftrirbeing slipped into the cracks of the existing
infrastructure of cities to being planned from ghart as a core part of the urban planning process.
Building vertical farms, both private and thoséefil with community garden plots, would be one
potential strategy. The graphics below portraycemh designs for vertical farming developments as
rendered by some of the world’s leading archit&ctShough “farmscrapers” might be a stretch of the
imagination for now, it is quite possible that taesodels or similar developments will become tharku
of urban agriculture sooner than expected. In #se ©f enclosed vertical farm, food could be grown

“8 United Nations Children's Fund (UNICEF). “The 8taf the World's Children 2012: Children in an Unb&/orld.” 2012.
Available athttp://www.unicef.org/sowc2012/index.phipast accessed 17 September 2012.

49 China Daily. “Balcony farmers are taking root.” 25 June 202ailable athttp://www.chinadaily.com.cn/life/2012-
06/25/content_15521007.htinast accessed 17 September 2012.

50 Food and Agriculture Organization of the Unitedibias (FAO). “Urban farming against hunger: Safesh food for city
dwellers.” Available at http://www.fao.org/newsroen/news/2007/1000484/index.html. Last accesseSebtember 2012.
51 Time “Urban Farming.” Available dtttp://www.time.com/time/photogallery/0,29307,18R390.htm! Last accessed 17
September 2012.
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year-round in a totally controlled environment. &gosure to pests or disease would eliminateeile n
for pesticides.

Figures 2 and 3. Towers of Food, Models of Self-Sufficiency

Vertical farms, like these, would grow food closer to where it is consumed, thus eliminating much of the fuel and
transportation costs. In the case of enclosed vertical farm, food could be grown year-round in a totally controlled
environment. Vertical farms can also be designed to not require any water from municipalities and would use
photovoltaic cells to produce nearly 100% of the building's electricity. (Images from Time.)

Home gardening and urban agriculture are not new iéas, howeverln the United States during WII,
victory gardens large and small were a commongdateryday life. According to the National World
War Il Museum, in 1944 victory gardens were respmegor producing 40% of all vegetables grown in
the United Staté& As part of a similar self-sufficiency initiativduring WWI, President Woodrow
Wilson even raised a flock of sheep on the lawthefWhite House! The sheep’s wool was auctionéd of
to raise money for the Red CroSsAfter the World Wars, urban agriculture had méaresurgence in the
United States during the 1970s as a way to usedabad sites left in poor urban areas by the ertdeof
postwar urban manufacturing bodmWhile gardening can be a wonderful as purelgtably, US history
clearly shows that urban agriculture can also praatical path to self-sufficiency and a way touiéh
community during times of crisis.

52 The National World War Il Museum. “Victory Gardeasa Glance.” Available at
http://www.nationalww2museum.org/learn/educationftudents/ww2-history/at-a-glance/victory-gardatml. Last accessed
17 September 2012.

3 The White House Historical AssociatiotWhy did President Woodrow Wilson keep a flock eépton the White House
lawn?" Available athttp://www.whitehousehistory.org/whha_history/histdfags-05.html Last accessed 17 September 2012.
54 Lawson, Laura.City Bountiful: A Century of Community Gardeningfimerica University of Californian Press. 2005.
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artment of Agriculture Wash
Free Bulletin on Garndeni

Image 4: Vintage victory garden poster. Image from The Dinner Garden, a Texas-based non-profit that seeks to
alleviate hunger in the United States by distributing free seeds to individuals wanting to start their own vegetable
garden.

Urban agriculture is for everyone, regardless of thir background or socioeconomic status.

Contrary to a common misconception of urban gardsriglitist,” countless urban agriculture initists

in the United States are focused on helping loveime communities help themselves by growing
inexpensive, nutritious food and providing a sdéee for community gatherings. One of the most
celebrated urban agriculture projects to do thisriswing Powera Milwaukee based organization started
by former professional basketball player and Makbiért~oundation "Genius Grant” winner Will Allen.
An offshoot of Growing Power, théhicago Lights Urban Farmvorks to provide food for the children
and families living in Chicago’s Cabrini-Green rnigdgrhood. Similar organizations nationwide include
Boston’sThe Food Proje¢cBrooklyn’sAdded ValueandEast New York Farmd.as VegasTonopah
Community GardenNew York City’sJust FoodOakland'sCity Slicker Farmsand Washington DC’s
Common Good City FarmAs these organizations show, urban agricultarele a powerful tool in
working towards social justice.

Last update: 7 November 2012 21



BEQI Green Infrastructure update Prepared by Jess Vogt and Meg Hathaway (EC Interns)

Image 5: Growing Power’s director Will Allen teaching urban gardening techniques to volunteers from the Milwaukee
community. Image from Growing Power.

Have questions about urban agriculture in Bloomingbn?

Many questions can be answered by consulting Blogtoin’sMunicipal Code For inquiries about
raising chickens in Bloomington, contg@imal Control For questions relating to setback requirements
and Bloomington’s weed ordinance, contact the €Byanning Department

Food from urban agriculture and green infrastructure in Bloomington

Green infrastructure, such as community orchardsgamnden plots, can improve local food security and
safety. The City of Bloomington has chosen theofeihg Indicators to track several types of our gree
infrastructure that relate to food from urban agtire. (For a complete list of all indicators fall
categories, clickere:

* Indicator #3a: Number (and area) of community garde plots. The greater the number and size of
community garden plots available, the more oppdtiespeople in the community have to engage in
gardening activities.

* Indicator #3b: Number of community garden plot gardeners.People who participate in community
gardening not only build social capital, but thégoadecrease their risk of negative health effezssilting
from isolation.

* Indicator #3d: Number of trees in the Bloomington @mmunity Orchard. More trees in the
Community Orchard, means more access to freshnargand local food supplies.

* Indicator #3e: Number of volunteers (to-date) at tie Bloomington Community Orchard. The number
of volunteers at the Bloomington Community Orchigrdn indication not only of social capital, bus@bf
the amount of garden related activities occurrthgreby indirectly supportive of human health aredl-w
being.

How does Bloomington measure up on these indicators?

The following table tells us how Bloomington faish each of the indicators of food from urban
agriculture and green infrastructure. (For a comeplist of all indicators for all categories, clibkre)

Green Infrastructure Indicator Value” Last
update
#3a: Number (and area) of community garden plots in Blomton. 221 plots" 2012

11.469 acred

#3b: Number of community garden plot gardeners 442" 2012
#3d: Number of trees in the Bloomington Community Orchar 75! 2012
#3e:Number of volunteers (to date) at the Bloomingtam@unity Orchard. 584! 2012

" Footnotes on values in table indicate the soufdd® information for the indicator:

" Robin Hobson, Bloomington Parks & Recreation D&pant, personal communication, 14 September 2012.
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- Indicator 3a underestimates the total numbeoaimunity gardens in Bloomington because the indisat

does not include neighborhood community gardensaagack of data.

- Rental plots in community gardens are availabkeva gardens run by the City of Bloomington Paaksl

Recreation Department: Willie Streeter and ButlarkP Willie Streeter Community Gardens is 1.26eadn

size and contains 180 rental plots, 122 of whieh20 ft and 58 of which are 100*ftincluding 10 raised,

accessible beds). Butler Park Community Gardefs3 acres in size and contains 38 rental plots,véhich

are 140 ft and 29 of which are 95%t

- An average of two gardeners is assumed to udereatal plot available.

- Other community gardens in Bloomington that aemaged as group projects add acreage to this todica

value but do not contain plots available for rettaihdividuals. Crestmont Park has O rental piotd totals

0.26 acres, Banneker Green Thumbs Garden hasd péwifs and totals 0.041 acres, Harmony Schootl&ar

has 0 rental plots and totals 0.018 acres, Hilkapden and Nature Center has 0 rental plots aatst610 acres,
~and the Permaculture Growers Co-Op has 3 renttd ptal totals 4.5 acres.

I Amy Countryman, Bloomington Community Orchardigomal communication, 1 July 2012. Amanda
Werhane, Bloomington Community Orchard, persopatmunication, 30 June 2012. Amy Allen, personal
communication 28 September 2012. Volunteer numiberisen down by year: 2010: 195 volunteers; 2@I74:
volunteers; 2012 (January-June): 96 volunteers.
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ECOSYSTEM SERVICE #5: HUMAN HEALTH AND WELL -BEING

For centuries, city dwellers looking to restoreithmhysical and emotional health have sought otdlru
coasts, countryside, and forests in order to takéhe fresh air and natural vistddRecent research
indicates that city residents are more easily sé@dhan rural residents are and that individusdsidght
up in cities carry this stress with them throughtiir lives, regardless of current living envircemi®
Greenspace in cities has the potential to ameéidras stress, however, and help improve the wailtdp
of urban residents.

The World Health Organization defines human heatitia state of complete physical, mental and socia
well-being and not merely the absence of diseasénfinmity.” >’ Physical health implies that an
individual is free from physiological disease altiteiss. Mental health is a multifaceted state itneltides
emotional stability and happiness as well as iettlial satisfaction. Social health implies the latk
isolation from others and the existence of heattlgtionships with other people. Although it is el
asserted that socioeconomic and individual lifestgictors are the largest drivers of individual lthea
environmental factors are increasingly becominggezed as significant contributing factofsThe
environmental features present where a person bwesworks, such as amount of greenery visible
through a window, or access to parks and other gpeanes, can impact mental or emotional health as
well as the activity patterns that contribute tggibal health.

Modern urban residents can enjoy substantial actessatural areas and amenities, i.e. green
infrastructure, within our cities. City and privgbarks, community gardens, grassy plazas, andamoft
patios on green roofs all provide sources of natiuaé urban residents can enjoy. Access to thesanur
oases of nature can have a positive impact on hin@alth in a variety of ways, such as lowering dpes
rates by encouraging outdoor play and recreatipeeding the healing process for hospital patients
following illness or surgery, and improving the rtenand emotional development of childr&h.
Interacting with examples of so-called “unthreatgnnature” (i.e. trees, potted plants, or landsdape
parks, rather than “threatening nature” exampleh sas dark, secluded woods) in urban settings can
contribute to positive emotional outlook, decreaseess levels, less anger and road rage, a higher
tolerance for frustration or pain, and increasedntipn spari’ The studies described in the following
tables offer examples of how green infrastructareities improves human health and well-being.

%5 Bruegmann, R. 200&prawl: A compact historghicago, IL: University of Chicago Press. 301pp.

56 | ederbogen, F., P. Kirsch, L. Haddad, F. StreitTest, P Schuch, S. Wust, J.C. Pruessner, M. ¢tietsM. Deuschle, & A.
Meyer-Lindenberg. 2011. City living and urban uplging affect neural social stress processing indnsiNature,474: 498-
501.

5 As quoted on p. 168 of Tzoulas, K., K. Korpelaygnn, V. Yli-Pelkonen, A. Kazmierczak, J. Nieme&faP. James. 2007.
Promoting ecosystem and human health in urban aséag Green Infrastructure: A literature revidwandscape and Urban
Planning,81: 167-178.

%8 Tzoulas et al. 2007.

% Joye, Y., K. Willems, M.Brengman, & K. Wolf. 201The effects of urban retail greenery on consurrpegence: Reviewing
the evidence from a restorative perspectilhan Forestry & Urban Greenind): 57-64; Wolf, K. 2008. City Trees, Nature and
Physical Activity: A Research RevieWrborist News17(1): 22-24; Tzoulas et al. 2007

%0 Joye et al. 2010.
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Nature improves the health of children

Another effect of nature on individual health is the
ability of nature to increase attention and focus
and decrease attention deficit problems in
children. Researchers at the Human-Environment
Research Laboratory at the University of lllinois
have discovered that children with Attention
Deficit Disorder (ADD) exposed to natural settings
for play time have less severe ADD symptoms
following this exposure than those without a
“green” play area. ! Additionally, in his best-selling
book, Last Child in the Woods, Richard Louv
presents a host of research indicating that nature
plays a key role in the mental, emotional and
physical development of children.®

®1 Ulrich, R.S. 1984. View through a window may iréhce recovery from surger§cience224: 420-421.

82 Ulrich 1984.

8 Ulrich, R.S., R.F. Simons, B.D. Losito, E.Fioritd,A. Miles, & M. Zelson. 1991. Stress recovery idgrexposure to natural
and urban environment3ournal of Environmental Physiology1: 201-230.

% Ulrich et al. 1991.

%5 |bid.

¢ Ulrich et al. 1991.

" Taylor, A.F., F.E. Kuo, & S.C. Sullivan. 2001. Gog with ADD: The surprising connection the gredaysettings.
Environment and Behavip83(1): 54-77.

% Louv, R. 2005. Last Child in the Woods: Saving @hildren from Nature-Deficit Disorder. Chapel HINC: Algonquin
Books. 390pp.

8 Jackson, L.E. 2003. The relationship of urbangtes human health and conditidrandscape and Urban Planning4: 191-
200; Wolf 2008.

" \Wolf 2008.

"L Giles-Corti, B., M.H. Broomhall, M. Knuiman, C. {dios, K. Douglas, K. Ng, A. Lange, & R.J. DonovaQ05. Increasing
walking: How important is distance to, attractivesieand size of public open spaéeferican Journal of Preventative Medicine,
28(2S2): 169-176.
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There are several hypothesized mechanisms fornthéence of urban greenspace and vegetation on
human health. The presence of urban vegetationowep both the physical comfort (by reducing the
urban heat island effect — see the BEQI Green dirature subsection odHI Mitigation) and the

aesthetic appeal (by increasing the visual inteofsh streetscape — see Figure 1) of a city and its
pedestrian environment, which makes people moggylito walk and participate in outdoor recreation.
Additionally, viewing nature can be a restorativeperience that lowers blood pressure and muscle
tension, relaxing people both physically and méyntarhis effect has been observed even for indiald
viewing video footage of natufé.

Figure 1. Individuals are much more likely to walk or recreate in areas with trees (a) than in those without (b). (Image
source: Wolf, K.L. 2009. Trees Mean Business: City trees and the Retail Streetscape. Main Street News, 263: 1-9.)

Although many researchers are careful to pointluait the evidence quantifying the association ofinea
and greenspace with increased health benefits lig mliminary, green infrastructure is clearly a
contributing factor to human health in cities. Gowned research is needed to more clearly defiee th
specific health impacts afforded by various typéggmeen infrastructure. (For more research on the
impacts of green infrastructure on human health, the website of theandscape and Human Health
Laboratoryat the University of lllinois, Urbana-ChampaigmdatheGreen Cities: Good Healthebsite,
sponsored by the University of Washington and ti& Rérest Service Urban & Community Forestry
Program).

2 Tzoulas et al. 2007.
Tzoulas et al. 2007; Ulrich et al. 1991.
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Human health and well-being and green infrastructure in Bloomington

Green infrastructure in Bloomington contributegtie health and well-being of people our community.
In order to assess the potential contribution afegrinfrastructure to aid human health, the City of
Bloomington has chosen the following indicatorsor(B complete list of all indicators for all cateigs,
click herg:

* Indicator #2a: Number of Certified Backyard Wildlif e Habitats in Bloomington.Backyard Wildlife
Habitats not only provide opportunities for restm@ nature viewing, but also offer a chance for
individuals to increase their ‘ecological litera@nd appreciation of nature.

* Indicator #3a: Number (and area) of community garde plots. The greater the number and size of
community garden plots available, the more oppdtiespeople in the community have to engage in
gardening activities.

* Indicator #3b: Number of community garden plot gardenersPeople who participate in community
gardening not only build social capital, but thégoadecrease their risk of negative health effezssilting
from isolation.

* Indicator #3c: Number of Certified Master Gardenersin Bloomington: Similar to the number of
community plot gardeners, the number of Certifiedlskér Gardeners is an indication not only of social
capital related to gardening, but also of the amho@idedicated gardening occurring, thereby indiyec
impacting human health.

* Indicator #3e: Number of volunteers (to-date) at tie Bloomington Community Orchard. The number
of volunteers at the Bloomington Community Orchigren indication not only of social capital, bus@bf
the amount of garden related activities occurrihgreby indirectly supportive of human health aredl-w
being.

* Indicator #4c: Number (and area) of “conservancy easements,” as fiteed by the City Unified
Development Ordinance (UDO) and dedicated by devegbers. The amount of developer-created
“conservancy easements” in Bloomington is a prautiie availability of quiet, restorative experieadn
nature as well as natural window views.

» Indicator #4d: Number of developments with green roofsGreen roofs can be another source of
greenery for natural views from windows. Patioggozen roofs offer further opportunity for
contemplative experiences in nature.

» Indicator #5a: Number (and area) of public parks in Bloomington. Public parks offer a plethora of
opportunities for natural views, recreational atyivas well as quiet contemplation in nature, all
experiences that contribute to improved human healt

» Indicator #6b: Percent (and area) of total greenspae in Bloomington.The more greenspace in
Bloomington, the more opportunities residents Hawdew and recreate in nature, which improves
individual health.

* Indicator #6c¢: Percent (and area) of greenspace ia %2 mile buffer of medical facilities.Because nature
and natural views have proven explicitly benefittaspeeding recovery of hospital patients, greacesp
near hospitals is particularly important to improyihuman health.

» Indicator #6d: Percent (and area) of greenspace ia % mile buffer of K-12 schoolsBecause
greenspace and nature has also proven importahiltiven’s attention and focus as well as to tbgrall
mental development, greenspace within schoolstisalrto ensuring the mental health of Bloomingson
children. Additionally, greenspace near schooksdlao been shown to increase the willingnessuafesits
(and of parents to allow their children) to walkstthool, thereby increasing opportunities for pbgfsi
activity.
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How does Bloomington measure up on these indicators?

The following table tells us how Bloomington stadkis on each of the above indicators related to
increasing human health and well-being using gredrastructure. The complete list of green

infrastructure indicators can be sdenme

Green Infrastructure Indicator Value” Last
update

#2a: Number of Certified Backyard Wildlife Habitats ind®mington. 327¢ 2012

#3a: Number (and area) of community garden plots 221 (11.469 acred) 2012

#3b: Number of community garden plot gardeners 442" 2012

#3c: Number of Certified Master Gardeners in Bloomington 160' 2012

#3e:Number of volunteers (to-date) at the Bloomingtanrnunity Orchard 584! 2012

#4c: Number (and area) of “conservancy easements,” fazedeby the City 10 (79.107 acres) 2008

Unified Development Ordinance (UDO) andidated by developers.

#4d: Number of developments with green roofs. 3! 2011

#5a: Number (and area) of public parks in Bloomington. 26 (214.02 acre$) 2012

#6b: Percent (and area) of total greenspace in Bloomingt 38.5% 2007
(6,429.3 acres)

#6c¢: Percent (and area) of greenspace in a ¥2-mile bofferedical facilities. 34.14% 2007
(979.22 acresy

#6d: Percent (and area) of greenspace in a ¥%-mile boffi€r12 schools. 25.22% 2007

(1,769.56 acres)

" Footnotes on values in table indicate the soufdd® information for the indicator:

d

h

Roxanne Paul, National Wildlife Federation, pealacommunication, 3 July 2012.

Robin Hobson, Bloomington Parks & Recreation Dpant, personal communication, 8 June 2012. Note:

Willie Streeter has 180 rental plots and 1.2@scButler Park has 38 rental plots and .39 afessmont
Park has 0 rental plots and .26 acres, Banrn@kexn Thumbs Garden has 0 rental plots and .045,acr
Harmony School Garden has 0 rental plots and a@tes, Hilltop Garden and Nature Center has @lrptots
and 5.0 acres, and the Permaculture Growers Cloa®3 rental plots and 4.5 acres. It is assunadhbre

are 2 gardeners per rental plot available.

Amy Thompson, Monroe County Cooperative ExtenService, personal communication, 18 June 2012.

I Amy Countryman, Bloomington Community Orchardrgaemal communication, 1 July 2012. Amanda
Werhane, Bloomington Community Orchard, persapahmunication, 30 June 2012. Broken down by
year: 2010: 195 volunteers; 2011: 374 volurge2012(January-June): 96 volunteers.

The City of Bloomington Planning Department. Eouimental Agreements of Developments Database.
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™ Linda Thompson, City of Bloomington Planning Depgent, “Conservancy Easements Database”, 24 August
2012. Addresses (area): 2401 W. Tapp Road (5553600 N. Prow Road (acres N/A); 3201 S. Wickens
Street (acres N/A); 2310 W. 3rd Street (acres NI8JH0 W. Countryside Lane (1.057 acres); 1201 SthiSm
Road (acres N/A); 751 E. Tamarack Trail (1.78 g¢r2507 W. 3rd Street (17.27 acres); 3111 S. Wehtreet
Pike (acres N/A); 2410 E. Moores Pike (acres N/A).

Acreage Inventory data obtained from Dave Willka@ity of Bloomington Parks & Recreation Departin©d
June 2012. Note: only based on “developed” ae@a@roadview Park, Bryan Park, Building & Trad®ark,
Upper and Lower Cascades Park, Crestmont ParkusengPark, Griffy Lake Nature Preserve, Highland
Village Park, Leonard Springs Nature Park, MaplégHis Park, Miller-Showers Park, Olcott Park, PRiige
Park, Park Ridge East Park, Peoples Park, RCA CaritynBark, Reverend Butler Park, Schmalz Farm Park,
Seminary Park, Sherwood Oaks Park, Southeast &adkT hird Street Park.

City of Bloomington Environmental Commission & Winkle. 2007. Greenspace trends in Bloomington,
Indiana 1993-2007. City of Bloomington, Indianapp1Online available at
https://bloomington.in.gov/imedia/media/applicatfmf/2738.pdf Last accessed 30 June 2011.

Chuck Winkle, City of Bloomington GIS, 24 AuguE12. Note: Includes hospitals and other facditeuch as
nursing homes, that provide overnight care forgmasi that will eventually return home after shertt or
medium-term stays. Facilities: Jill's House at BTaITamarack Trail, Bloomington, Indiana 47408; @&l
Living Center at 155 E. Burks Drive, Bloomingtohl 47401; IU Health Bloomington Hospital at 601 \Wd2
Street, Bloomington, IN 47403; Meadowood Retirent@ommunity at 2455 N. Tamarack Trail, Bloomington,
IN 47408; Monroe House at 2770 S. Adams Streetmlagton, IN 47403; Bloomington Nursing and
Rehabilitation Center at 120 E. Miller Drive, Bloorgton, IN 47401.

' Chuck Winkle, City of Bloomington GIS, 24 Augu@12. Note: Includes both Public and Private sthoo

n
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ECOSYSTEM SERVICE #6: WILDLIFE HABITAT AND BIODIVERSITY

In addition to the numerous benefits to humansriteest above, green infrastructure also providestaiab
to wildlife and preserves biodiversity in citiesWildlife habitat is any (usually vegetated) area that
provides food, shelter, and an overall suitable éndom animals, including birds, small mammals, &0g
and even, in streams or ponds, fish. The diffespaties of animals and plants living in a habitakenup

an _ecological communityneaning that these species live in the same gpbigral area and interact with
one another through competition for resources (fabeblter, water, etc.) as well as through predatio
(where one animal eats another). An ecological conity includes many different populationer
groups, of different individuals of the same spedieing together, and the number of different seec
populations combined with the genetic differencesveen individuals within the same population and
species is called biodiversity.

The fact that rural and forested areas containespat wildlife habitat may be obvious, but wildlife
habitat also exists in urban areas, if often omalker scale. Instead of undisturbed habitats shatch

for miles and miles, such as the Hoosier Natior@kst, urban areas typically contain smaller habita
patches such as Dunn Woods on the Indiana University Gemnpand even the yard or garden around
your home.

Healthy wildlife habitat and adequate biodiverdityurban areas can serve two main functions: first,
patches of mature vegetation in urban areas hefppensate to the habitat loss that urbanization
implies,”* and can provide habitat for wildlife moving thrdugirban areas, such as populations of
migrating birds”® Second, a diverse habitat within urban areassh@ipmote other supporting ecosystem
services within cities, including housing populagoof pollinators for urban gardens, fruit treesand
nearby agricultural areas, as well as maintainegjthy soil. Healthy populations of vegetatioruetsas
trees within the urban forest — provide habitatdfdran wildlife and are a source of biodiversitythieir
own right.

Backyard Wildlife Habitats

Backyard Wildlife Habitatsare a form of landscaping involving the creatidmaturalized landscapes
that include native plants and that provide fodokglter and habitat to animals. By fostering native
biodiversity, Backyard Wildlife Habitats help restocecosystems and their services to the landséape.
example, naturalized landscapes help to stabibie. sThis is especially needed on steep slofgesam
banks, or areas near water bodies. Roots of npkards are better adapted to local soils, anchajtew
dense and deep root systems compared to lawrThege larger root systems mean that native plaets a
especially useful at holding the soil in place amidimizing erosion. The well-developed root syssemh
naturalized landscapes can also improve water tyusilice they can intercept runoff and pollutants
before entering water sources. Because they ategially suited to local growing conditions, neti
plants r;lge hardy, and do not require costly, tekiemical applications, or sometimes even watetimg,
survive!

Additionally, naturalized landscapes reduce thedrfieefossil-fuel powered lawn equipment. Gas-
powered mowers and other equipment harm the emagahby emitting greenhouse gases and noxious,
smog-forming gases and particulates, thus contrigub global warming and air pollution. Furthermpr
the EPA estimates that the small amounts of gasejpiiled when refueling mowers cumulatively adds

" McKinney, M.L. 2002. Urbanization, biodiversityné conservatiorBioScience52(10): 883-840.

s James, P., D. Norman, & J.J. Clarke. 2010. Aviaputation dynamics and human induced change irrlzanuenvironment.
Urban Ecosystems, 9 July 2010. 17pp.

8 U.S. Environmental Protection Agency. 2008b. “Gkag: What are the Benefits of Natural Landscapir@reen
Landscaping: Greenacres, A Source Book on Natuaabdiscaping for Public OfficialOnline available at
http://epa.gov/greenacres/toolkit/chap2.hthast accessed 13 Aug 2011.
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up to 17 million gallons of gas each sumrfeNaturalized landscapes can greatly reduce thgseto
human health and the quality of local air, soil avater. (To learn more about the benefits of radized
landscaping, visit EPABeneficial Landscapingage. To learn more about how to landscape wiikiena
plants, visit the Environmental Commissiohlatural Landscaping webpape.

The National Wildlife Federation’s (NWF) Backyardildlife Habitat Program was established 1973 and
is dedicated to promoting the creation or restoratf natural landscapes in human surroundifigs.
Backyard habitats provide food, water, shelter, gpate for insects, plants, and animals, and cageria
size from a single city balcony to an entire comityurT hrough the efforts of the Center for Susthiea
Living, Bloomington was registered as a Communitydiffe Habitat in January 2002. Numerous homes,
schools, businesses, and churches in Bloomingtoe NAWF-certified Backyard Wildlife Habitats. In
total, over 100 sites have been certifig@his amount is well above other comparable Mideestities
(Figure 1). As naturalized lawns become more papuitnin the city, many additional areas will qugli

as Backyard Wildlife Habitats.

Madison, W1
Champaign, IL R
Ann Arbor, M1 ——
Muncie, TN I
Terre Hawte, IN
Lafayette, IN D
Anderson, IN
Bloomington, IN  I—

L+ 25 50 75 100 125
Humber of Certified Backyard Wildlife Habitats

Figure 1. Certified Backyard Wildlife Habitats in several Midwestern cities in 2006. (Source: Roxanne Paul, National
Wildlife Federation, personal communication, 23 Mar 2006.)

It is important to note that some people considddlife in urban areas, such as deer, to be undelsir
pests and for this reason do not want to increaseamount of wildlife habitat in cities. Howeveeer
problems in urban areas often result not from ipomating more green infrastructure within the emgpt
boundaries of cities, but instead from the encrowsit of development at the edges of cities into
relatively undisturbed wildlife habitat, such agefsts or grassland$. Additionally, there is often
confusion over what qualifies as natural landsagpBioomington has a weed ordinance to prevent land

7U.S. Environmental Protection Agency 2008b.

8 National Wildlife Federation. 2011. “History ofatBackyard Wildlife Habitat ProgramGarden for Wildlife: Making Wildlife
Habitat at HomeOnline available atttp://www.nwf.org/Get-Outside/Outdoor-Activitiesé®len-for-Wildlife/Gardening-
Tips/History-of-the-Backyard-Wildlife-Habitat-Progm.aspx?CFID=21426989&CFTOKEN=d843d6ceb177a33f-©3B3-
5056-A84B-C37E4D3AB5D61D4 1L ast accessed 13 Aug 2011.

® Roxanne Paul, National Wildlife Federation, peea@ommunication, 23 Mar 2006.

8 Jackson, L.E. 2003. The relationship of urbangies human health and conditidrandscape and Urban Planning4: 191-
200.
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within city limits from becoming overrun with weeds noxious plants above eight inches talfhis
ordinance is in place to protect public health gdvent unsightly landscapes. However, natural
landscaping, which involves clear intentions an@lgiodoes not pose the same threat that the weed
ordinance guards against. For example, unwanted pdsacted to unkempt yards are not drawn tosarea
with well designed natural landscapes. Due to theérenmental and economic benefits of natural
landscaping, many communities - including Bloomamgt are attempting to modify weed ordinances to
accommodate naturalized yards.

Exotic or Invasive Species

Increased global trade and travel have led toritreduction of invasive speciésto new areas, a trend
that poses a substantial threat to urban wildldbitat as well as to biodiversity. The Environménta
Protection Agency defines invasive species as radivan (or exotic) plants, animals, or microbes that
proliferate and spread in ecosystems, causing @siendhiuman health, or environmental damé&ge.
Invasive species often lack natural predators, tberonatural control agents, and it is thereforey ve
difficult to control their spread once a populatignestablished. Invasive species aggressively etenp
against and displace native species, inhibitingsgstem functioning. Hydrology, nutrient cycling,dan
food webs can all be altered due to non-nativeispéavasion§>

Invasive plant species are problematic across hadiand Bloomington is no exception. A well-known
example of the local problem is at Griffy Lake, whénvasiveBrazilian elodeahad become established
and was until recently threatening native aquagigetation. In Bloomington, as in many communities,
proposed plans to manage invasive species haue lezhted debates over issues such as chemicabvers
mechanical means of control. Another local are&rahinvasive species have become established is
Cedar Bluffs Nature Preserve, located just southa®eBloomington. Cedar Bluffs has been invaded by
species such as winter creeper, Japanese knotpraext, and Japanese hops. Each of these plaety lik
spread to the preserve from local landscape pigsiton nearby private land. (For a list of common
invasive species in Bloomington, visit tBavironmental Commission Invasive Species webpage.

Urban areas are especially vulnerable to invagpezies because they experience a high throughput of
goods and people, giving many chances for non-@atpecies to be introduced. Additionally, the
disturbed soils and ecosystems in cities have bemonstrated to be more vulnerable to invasiveispec
than undisturbed ecosystefisThus, preservation of healthy green infrastruetur cities depends also
on the successful management of invasive species.

In order to maintain the ecosystem service of Wédhabitat provision afforded by green infrastuuret
efforts should be made to remove or control in@glants and animals. The City of Bloomington is
committed to controlling present and future invasiof invasive plant species. To promote healthd/ an
functioning ecosystems, Bloomington and its redislanust attempt to reduce or eliminate invasive
species in the community. Only through educatioth laands-on management can the damage to natural
landscapes in Bloomington be minimized.

81 U.S. Environmental Protection Agency 2008b.
82 U.S. Environmental Protection Agency. 2008c. “Isiva Non-Native SpeciesWatershed Academy Webnline available at
http://www.epa.gov/owow/watershed/wacademy/acad20@sive.html Last accessed 13 Aug 2011.
8 Mack, R.N., D. Simberloff, W.M. Lonsdale, H. Evahs. Clout, & F.A. Bazzaz. 2000. Biotic invasiorsiuses, epidemiology,
gJObal consequences, and contExological Applications10(3): 689-710.

Ibid.
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Wildlife habitat, biodiversity and green infrastructure in Bloomington

Many of the features of Bloomington'’s green infrasture provide habitat for wildlife and preseroeedl
biodiversity. The City of Bloomington has chosée following indicators to show the effect of green
infrastructure on wildlife habitat and biodiversityror a complete list of all indicators for alltegories,
click herg:

* Indicator #1b: Percent of street trees that are lage/mature (>18” in diameter).Large, mature trees
provide habitats for nesting birds and small mansmalasting trees also provide a food source for
wildlife, including birds, as well as a seed souimeurban vegetation in vacant lots and remnabtthts.

» Indicator #1c: Percent of street trees that are young (<6” diameter). Young street trees ensure that
biodiversity will persist into the future. An adexta proportion of young plants also add a generatio
element to the concept of diversity.

» Indicator #1d: Percent of street trees of top moshbundant species, genus, and familA population of
street trees (as a sub-sample of the entire udrastj where no more than 10% of the trees anegiesi
species, no more than 20% a single genus, and ne timan 30% a single family helps ensure diveligity
the face of outbreaks of pest or disease, as wqdt@vides habitat for a greater diversity of witll

* Indicator # le: Alpha diversity (or total number of species) of street treeg\ large number of species of
street trees also helps guard the urban foreshstgaésts and disease, but also helps providedesseece
for outlying areas (wind-pollinated trees)

* Indicator #2a: Number of Certified Backyard Wildlife Habitats in B loomington. Backyard Wildlife
Habitats are designed to attract and sustain faldind native plant species and contribute to badity.

» Indicator #2b: Number of local groups working (sin@ 2010) to control invasive specieBecause
invasive species can threaten the quality and gyarftwildlife habitat, efforts to control or eradte these
threats can be important.

* Indicator #4b: Percent of new developments (sinced®1) with native species plantinglanting native
species in the landscaping of new developmentte@dsof exotics) helps provide habitat for native
wildlife, particularly birds and butterflies.

* Indicator #4c: Number (and area) of “conservancy esements,” as defined by the City Unified
Development Ordinance (UDO) and dedicated by devegbers. Conservancy easements help preserve
areas of natural or semi-natural remnant habitdtimthe city, creating patches of relatively utdibed
vegetation through which animals (and plant seegufations can travel when passing through an urban
area (e.g., stopover sites for migrating birds).

e Indicator #4d: Number of developments with green rofs. Green roofs provide habitat for insects and
can increase the insect diversity of an urban @adive to conventional roofs. Green roofs caw als
provide butterfly and bird habitat, if designed $mich purposes.

» #6a: Number (and area) of conservation easements nad by nonprofits or government
agencieslLegal conservation easements provide some of tine b&nefits as City-defined “conservancy
easements,” (except these easements may provideriigbitat quality as a result of greater legal
restrictions on activities in the easements andmiggtional standards for easement acquisition).

» Indicator #6b: Percent (and area) of total greenspae in Bloomington.Greenspace, although it can vary
substantially in quality of habitat, provides ademinimal habitat for urban wildlife, particularismall
mammals, birds and insects.
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How does Bloomington measure up on these indicators?

The following table tells us how Bloomington stadkis on each of the above indicators related to
promoting wildlife habitat and biodiversity with egn infrastructure. The complete list of green
infrastructure indicators can be séee

Green Infrastructure Indicator Value” Last
update

#1b: Percent of street trees that are large/mature” (mldiameter). 17%?* 2007

#1c: Percent of street trees that are young (<6” in dian). 26.7%% 2007

#1d: Percent of street trees of top most abundant spegémus, and family.  16.9% red maple, 2007
31.1%Acergenus

#1e:Alpha diversity (or total number of species) ostrtrees 1002 2007
#2a: Number of certified Backyard Wildlife Habitats idd®mington 327¢ 2006
#2b: Number of local groups working (since 2010) to cohinvasive species. 5° 2012
#4b: Number (and percent) of new developments (sincd P@fth native 20 (13%) 2011

species plantings.

#4c: Number (and area) of “conservancy easements,” fasedeby the City 10 (79.107 acres)
Unified Development Ordinand®&DO) and dedicated by developers.

#4d: Number of developments with green roofs. 3! 2011
#6a: Number (and area) of conservation easements ownadrprofits or

government agencies. 4 (266.2 acres) 202
#6b: Percent (and area) of total greenspace in Bloomingt (38.5%) 2007

6,429.3 acres

" Footnotes on values in table indicate the soufdd® information for the indicator:

2 Fischer, B.C., M. Steinhoff, S. Mincey, & L. Dy2007. The 2007 Bloomington Street Tree ReportAfalysis
of Demographics and Ecosystem Services. Bloomingtdyan Forestry Report 01-07. Available at
http://bloomington.in.gov/media/media/applicaticuf/i2 337.pdf

Roxanne Paul, National Wildlife Federation, paesaommunication, 3 July 2012.

Data collection range limited to a start date@f0. Agencies mentioned for this indicator conghariodic
invasives removal efforts. Sources: Ellen dactj The Nature Conservancy and Monroe Countyentlfy and
Reduce Invasive Species group, personal comuation, 14 June 2012. Richard Ciasto, DirectdDpérations,
Eco Logic LLC, personal communication, 5 Jubi2 (removal efforts conducted at Cascades Parlaand
Latimer Woods). Joel Grant, City of BloomingtBarks and Recreation, personal communicationly32012.
John Lawrence, Assistant Director, SycamoredlBiust, personal communication, 13 July 2012.idna
University, Mia Williams, University Landscapechitect - Indiana University, personal communigcat22
October 2012. (Williams notes that many groa@®ss campus conduct various removal efforts. oibigg
initiatives include the 1U Campus Division’®k removingeuonymushoneysuckle, tree-of-heaven, and the
Dunn's Woods Restoration Project. Voluntesyrscarranged by these two groups regularly invetudents,
faculty, staff and other community members).
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' The City of Bloomington Planning Department. Eomimental Agreements of Developments Database.

™ Linda Thompson, City of Bloomington Planning Dapgent, “Conservancy Easements Database”, 24 August
2012. Addresses (area): 2401 W. Tapp Road (5553600 N. Prow Road (acres N/A); 3201 S. Wickens
Street (acres N/A); 2310 W. 3rd Street (acres NI8PO0 W. Countryside Lane (1.057 acres); 1201 SthSm
Road (acres N/A); 751 E. Tamarack Trail (1.78 g¢r2507 W. 3rd Street (17.27 acres); 3111 S. Wehtreet
Pike (acres N/A 2410 E. Moores Pike (acres N/A).

9 1. Sycamore Land Trust holds two conservatioemasits within Bloomington city limits. One is 16res on
Lot 1 and Lot 2 of the Sakes Tarzian Subdivisidihe county assessor's property cards list the asesgor
these lots as 1113 E. Hillside Drive and 1020 $hhéind Avenue. The easement was recorded asrimestitu
#2002007421 on 4/1/2002 and rerecorded as instiu#2812003734n 3/9/2012. The other easement is about
0.2 acres, covering the south half of Lots 9 andflithe Allendale Addition. The property addres§17 S.
Henderson Street. The easement was recordedtagriest #2002030757 on 12/19/2002. (John Lawrence,
Assistant Director of Sycamore Land Trust, persaoaimunication, 20 June 2012). 2. Bloomington Bairkd
Recreation holds two parcels at Griffy Lake thaténhafficial conservation easements: the originafest
dedicated Griffy Woods Nature Preserve, which idelli240 acres, and the 10-acre Schneider propérigh
was added to the state-dedicated preserve. (Swtver, Natural Resources Manager, Bloomington $arid
Recreation).

City of Bloomington Environmental Commission & Winkle. 2007. Greenspace trends in Bloomington,
Indiana 1993-2007. City of Bloomington, Indianapp1Online available at
https://bloomington.in.gov/media/media/applicatfmf/2738.pdf Last accessed 30 June 2011.
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Threats to green infrastructure and urban ecosystenservices

For the first time in history, the number of peofieng in cities outnumbers those living in ruaeas.
This is true globally as well as within the UnitBthtes” This means that urban ecosystems as providers
of ecosystem services are more important than ewtonitoring and tracking the features of green
infrastructure that contribute to urban ecosystemises is important to maintaining these beneifrid
ensuring a high quality urban environment for dtyellers, just as maintaining healthy ecosystems in
rural areas is key to sustaining the ecosystenicssrprovided by those ares.

Globally, the largest threats to ecosystem servizgade land use changes leading to habitat msstjc
species invasions, loss of biodiversity, pollutiand climate change. In urban, suburban, and uzipeni
areas, the expansion of cities in both geograpttiené and population size is resulting in the cosiom

of rural to urban land at an astonishing rate. Betw1982 and 1997, the U.S. experienced a 47%aisere
in land development while the U.S. population iased only by 17%. Over the past two decades, the
rate of land development has been fully twice tigtopulation growt/®

Americans clearly recognize the problems rapid igraent presents. One pool in 2000 ranked urban
sprawl at the same level as crime and violencetap groblem facing communiti€sAs rural land such

as forest, pasture, timber fields, and agricultlaatl are replaced with residential suburbs, basiparks,
and industrial areas, there are various environah@onsequences. Examples include increased figodi
risks due to increased urban runoff and decreasmdhwater infiltration, higher urban temperatures
caused by increased heat absorption and decreasgetative evapotranspiration, and decreased
biodiversity resulting from the loss of wildlife bigat.”® Incorporating sufficient green infrastructure
within cities can mitigate these negative effedtarbanization.

To combat the loss of land to development, municgral non-governmental groups in the City of
Bloomington and across the country are seekingduiise and preserve local greenspdéeeenspace is
operationally defined as open land in a naturakstored state with vegetation and permeable grddyd
hosting local ecosystems, greenspace can maintdipramote the range of ecosystem services disgdusse
above, from natural pollinators to flood mitigatiand climate modulation. However, despite the '€ity
efforts, 24.4% of the city’'s greenspace was loswben 1993 and 2007 (Figure °b)(For more
information on the recent history of greenspacBloomington, see théhree greenspace reports on the
Environmental Commission website

8 United Nations Department of Economic and Socifaifs, Population Division. 201&Vorld Urbanization Prospects, The
2009 Revision: HighlightdNew York, NY: United Nations. 56pp. [Online] Avallle at
http://esa.un.org/unpd/wup/Documents/WUP2009 Hadt§ Final.pdfLast accessed 14 Jul 2011.

% Turner, R.K. & G.C. Daily. 2008. The ecosystenvies framework and natural capital conservatiemviron Resource
Ecoromics, 39:25-35.

87 williamson, K.S. 2003. Growing with green infrastture. Heritage Conservancy. 16pp. [Online] Avaiaat
http://www.dcnr.state.pa.us/brc/publications/Putes#g_infra.pdfLast accessed 2 Jun 2011.

8 U.S. Environmental Protection Agency. 2007. Redgiatormwater costs through Low Impact Developn(el) strategies
and practices. EPA 841-F-07-006. Washington, DJg@ited States Environmental Protection Agency, NomipSource Control
Branch. [Online] Available at

http://water.epa.gov/polwaste/green/upload/2008021NPS _lid_costsO7uments_reducingstormwatercogt:-2 ast accessed
13 Jul 2011.

8 http://www.greeninfrastructure.net/

9 Alberti, M. 2008.Advances in Urban Ecology: Integrating Humans awdl&gical Processes in Urban Ecosysteiew
York, NY: Springer. 366 pp.

%1 City of Bloomington Environmental Commission & Winkle. 2007. Greenspace trends in Bloomingtoniana 1993-2007.
City of Bloomington, Indiana. 11pp. [Online] Avdilke athttps://bloomington.in.gov/media/media/applicatfmif/2738.pdf
Last accessed 30 June 2011.

Last update: 7 November 2012 36



BEQI Green Infrastructure update Prepared by Jess Vogt and Meg Hathaway (EC Interns)
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Figure 1. Greenspace loss from 1993 to 2007 for the City of Bloomington. [Source: City of Bloomington
Environmental Commission & C. Winkle. 2007. Greenspace trends in Bloomington, Indiana 1993-2007. City of
Bloomington, Indiana. 11pp. [Online] Available at https://bloomington.in.gov/media/media/application/pdf/2738.pdf.
Last accessed 30 June 2011. See this source for a full size map.]

Minimizing these threats to green infrastructureriscial for the provision the of ecosystem servige
urban areas. In order to sustain stormwater mamageservices, increase business and home values,
mitigate urban heat island effects, maintain uragnculture, improve human health and well being] a
provide wildlife habitat and preserve biodiversity Bloomington, all types of green infrastructune a
necessary. From street trees and Backyard WildHidbitats, to green roofs and biofiltration ponds,
increasing the amount of green infrastructure en@lity of Bloomington will help establish and prese

a high quality urban environment capable of supgy@cosystem services.
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ALL GREEN INFRASTRUCTURE INDICATORS

There are several main features of green infrastreichat contribute to provision of the ecosystem
services discussed on this website. This tablarozgs all of the Green Infrastructure Indicatoyshe
type of environmental feature they represent.

Green Infrastructure Feature and Indicator Value” tgz;te
FEATURE #1: STREET TREES

#1a: Percent of street tree spaces filled. 75%*% 2007
#1b: Percent of street trees that are large/mature” (mldiameter). 17%* 2007
#1c: Percent of street trees that are young (<6” in diean). 26.7%° 2007

#1d: Percent of street trees of top most abundant spegémus, and family. 16.9%red maple sp 2007
31.2%Acergenus’

#1e:Alpha diversity (or total number of species) oksfrtrees. 1002 2007
#1f: Ratio of the number of trees planted to number red@er year. 388:125° 2007
#19: Tree City USA status and Tree City Growth Awardwsed yearly. YES and N@ 2010

FEATURE #2: NATURAL LANDSCAPING

#2a: Number of Certified Backyard Wildlife Habitats ind®mington. 327°¢ 2012
#2b: Number of local groups working (since 2010) to cohinvasive 5¢ 2012
species.

FEATURE #3: URBAN AGRICULTURE AND GARDENING

#3a: Number (and area) of community garden plots 221 (11.469 acre§) 2012
#3b: Number of community garden plot gardeners 4429 2012
#3c: Number of Certified Master Gardeners in Bloomington 160" 2012
#3d: Number of trees in the Bloomington Community Orchar 75 2012
#3e:Number of volunteers (to-date) at the Bloomingtamunity Orchard 584’ 2012

FEATURE #4: GREEN DEVELOPMENT PRACTICES

#4a: Number (and percent) of new developments (sincd R08ing methods 18 (11%) 2011
of biofiltration (i.e. bioswale, rain gamd, detention pond native plants

#4b: Number (and percent) of new developments (sincd P@fth native 20 (13%) 2011
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species plantings.

#4c: Number (and area) of “conservancy easements,” firiedeby the City 10 (79.107 acres) 2008
Unified Development Ordinance (UDO) andidatkd by developers.

#4d: Number of developments with green roofs. 3! 2011

FEATURE #5: PUBLIC PARKS AND FACILITIES

#5a: Number (and area) of public parks in Bloomington. 26 (214.02 acred) 2012

#5b: Number of public facilities using stormwater bitfition. 6™ 2012

FEATURE #6: OTHER URBAN GREENSPACE

#6a: Number (and area) of conservation easements ownadrprofits or

government agencies. 4 (266.2 acres) AU

#6b: Percent (and area) of total greenspace in Bloomingt 38.5% 2007
(6,429.3 acres)

#6c¢: Percent (and area) of greenspace in a ¥2-mile bofferedical facilities. 34.14% 2007
(979.22 acresy

#6d: Percent (and area) of greenspace in a ¥2-mile boffi€r12 schools. 25.22% 2007
(1,769.56 acres)

" Footnotes on values in table indicate the sourfdhe information for the indicator:

& Fischer, B.C., M. Steinhoff, S. Mincey, & L. Dy2007. The 2007 Bloomington Street Tree Report: An
Analysis of Demographics and Ecosystem ServicesofBington Urban Forestry Report 01-07. Available at
http://bloomington.in.gov/media/media/applicaticuf/i2 337.pdf

® Tree City USA data obtained from P. Louks, Comityu& Urban Forestry Coordinator, Indiana Departinen
of Natural Resources, personal communication, 1ugey 2010.

¢ Roxanne Paul, National Wildlife Federation, peelccommunication, 3 July 2012.

4 Data collection range limited to a start dat€@0. Agencies mentioned for this indicator concheriodic
invasives removal efforts. Sources: Ellen dactj The Nature Conservancy and Monroe Countyentlfy
and Reduce Invasive Species group, personamncorcation, 14 June 2012. Richard Ciasto, Direofor
Operations, Eco Logic LLC, personal communiaat® July 2012 (removal efforts conducted at Cassad
Park and at Latimer Woods). Joel Grant, CitBloomington Parks and Recreation, personal
communication, 3 July 2012. John Lawrencejsiant Director, Sycamore Land Trust, personal
communication, 13 July 2012. Indiana Univetdidlia Williams, University Landscape Architect rdiana
University, personal communication 22 Octob@t2 (Williams notes that many groups across campus
conduct various removal efforts. Ongoing atities include the IU Campus Division’s work remuyi
Euonymushoneysuckle, tree-of-heaven, and the Dunn's W&adsoration Project. Volunteer days
arranged by these two groups regularly inveluglents, faculty, staff and other community mermsper
Robin Hobson, Bloomington Parks & Recreation Dapant, personal communication, 8 June 2012.
Willie Streeter has 180 rental plots and 1.2@scButler Park has 38 rental plots and .39 afhessmont
Park has 0 rental plots and .26 acres, Banr@kezn Thumbs Garden has 0 rental plots and .045,acr
Harmony School Garden has 0 rental plots and a@tes, Hilltop Garden and Nature Center has @irptots

and 5.0 acres, and the Permaculture Growers Cloa®3 rental plots and 4.5 acres. They assuméhitnat

are 2 gardeners per rental plot available.

«Q

" Amy Thompson, Monroe County Cooperative ExtenSenvice, personal communication, 18 June 2012.
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" Amy Countryman, Bloomington Community Orchardrgmmal communication, 1 July 2012. Amanda
Werhane, Bloomington Community Orchard, persooahmunication, 30 June 2012. Amy Allen, personal
communication 28 September 2012. Volunteer numbmken down by year: 2010: 195 volunteers; 2011
374 volunteers; 2012 (January-June): 96 volunteers.

I The City of Bloomington Planning Department. Eonimental Agreements of Developments Database.

¥ Linda Thompson, City of Bloomington Planning Deipaent, “Conservancy Easements Database”, 24 August
2012. Addresses (area): 2401 W. Tapp Road (2553600 N. Prow Road (acres N/A); 3201 S. Wickens
Street (acres N/A); 2310 W. 3rd Street (acres N1I8PO W. Countryside Lane (1.057 acres); 1201 SthSm
Road (acres N/A); 751 E. Tamarack Trail (1.78 g¢r2507 W. 3rd Street (17.27 acres); 3111 S. Walnut
Street Pike (acres N/A); 2410 E. Moores Pikegadt/A).

' Acreage Inventory data obtained from Dave Wila@ity of Bloomington Parks & Recreation Departtmen
08 June 2012. Note: only based on “developedags in Broadview Park, Bryan Park, Building & Tead
Park, Upper and Lower Cascades Park, Crestmont Parguson Park, Griffy Lake Nature Preserve,
Highland Village Park, Leonard Springs Nature Patlple Heights Park, Miller-Showers Park, Olcottlpa
Park Ridge Park, Park Ridge East Park, Peoples R&K Community Park, Reverend Butler Park, Schmalz
Farm Park, Seminary Park, Sherwood Oaks Park, 8asitirark, and Third Street Park.

™ Visited www.greenspots.iand spoke with Mike Hicks, Capital Projects Managity of Bloomington
Utilities, 25 June 2012 and Steve Cotter, NdtResources Manager, City of Bloomington Parks and
Recreation, 2 July 2012. Note: Utilities Depgent Administrative Office Building, located o0GE.
Miller Drive, has pervious pavement, rain garglea bioswale with native plantings. Miller-Shags@ark,
located on 1500 N. College Avenue, has largerdimn ponds that retain storm water draining fimrar 170
acres of downtown Bloomington. Griffy Lake Neg Preserve, located at 3300 N. Headley Road? nais
gardens filtering runoff from parking area lrefdt enters the lake. Lower Cascades Park hasvéopis
pavement parking lot. Bryan Park has a natparian buffer along its creek. The Goat Farnated along
the Jackson Creek Trail near the Sherwood ®akis has a native riparian buffer along JacksoreiCaad in
the floodplain.

" 1. Sycamore Land Trust holds two conservationreasés within Bloomington city limits. One is 16ras on
Lot 1 and Lot 2 of the Sakes Tarzian Subdivisidihe county assessor's property cards list the asesgor
these lots as 1113 E. Hillside Drive and 1020 $hhtéind Avenue. The easement was recorded asrimestitu
#2002007421 on 4/1/2002 and rerecorded as instriu#2€12003734n 3/9/2012. The other easement is
about 0.2 acres, covering the south half of Laasi® 10 of the Allendale Addition. The property saks$ is
717 S. Henderson Street. The easement was recasdadtrument #2002030757 on 12/19/2002. (John
Lawrence, Assistant Director of Sycamore Land Tpstsonal communication, 20 June 2012). 2.
Bloomington Parks and Recreation holds two parae@Griffy Lake that have official conservation
easements: the original state-dedicated Griffy Viédsddture Preserve, which included 240 acres, and@h
acre Schneider property, which was added to the-gidicated preserve. (Steve Cotter, Natural itess
Manager, Bloomington Parks and Recreation).

° City of Bloomington Environmental Commission & Winkle. 2007. Greenspace trends in Bloomington,
Indiana 1993-2007. City of Bloomington, Indianapf1Available online at
https://bloomington.in.gov/media/media/applicatif/2738.pdf Last accessed 30 June 2011.

P Chuck Winkle, City of Bloomington GIS, 24 Augu@12. Note: Includes hospitals and other facditi&uch
as nursing homes, that provide overnight care &bepts that will eventually return home after $herm or
medium-term stays. Facilities: Jill's House at ETaITamarack Trail, Bloomington, Indiana 47408; @&l
Living Center at 155 E. Burks Drive, Bloomingtoh 47401; IU Health Bloomington Hospital at 601 W.
2nd Street, Bloomington, IN 47403; Meadowood Retieat Community at 2455 N. Tamarack Trail,
Bloomington, IN 47408; Monroe House at 2770 S. Ad&treet, Bloomington, IN 47403; Bloomington
Nursing and Rehabilitation Center at 120 E. Milzive, Bloomington, IN 47401.

9 Chuck Winkle, City of Bloomington GIS, 24 Augu12. Note: Includes both Public and Private sthoo

Last update: 7 November 2012 40



BEQI Green Infrastructure update Prepared by Jess Vogt and Meg Hathaway (EC Interns)

DEFINITIONS

BACKGROUND

Ecosystem Services. benefits provided to humans by the elements, fumgtand processes of living systems (natural
man-made); includes both goods (e.g., food, wéiteher, fiber) and services (e.g., water and airification,
pollination) derived from nature.

“Ecosystem services consist of flows of materiatgrgy, and information from natural capital sto¢gsosystems]
which combine with manufactured and human capéalises to produce human welfare.”

(Costanza et al. 1997: 254)

Green Infrastructure: the living elements and features serving as infeecstire in cities, including trees, parks, garde
private yards, vegetated street medians and righisay, vegetated detention ponds, and green roofs.

ns,

Urban Ecosystem: consists of the biophysical environment (naturad @anman-built) and human community and soci
structure, as well as the interactions betweenntdieiral and human elements in cities, towns ancuized (or
urbanizing) areas.

=2

STORMWATER MANAGEMENT

Bioswale: area designed to direct stormwater runoff througbeaies of vegetated or gravel swales, or a lowgyarea
to which water naturally flows; vegetation candilsilt and pollutants from the water, as well &ssthe flow of surface
runoff.

Combined Sewer Overflow (CSO): an overflow of the stormwater sewer system, regplti discharge of combined
sewer water (stormwater, domestic sewage, and triduwaste water) into local water channels; ocalue to
overloaded stormwater systems.

Green Roof: rooftop engineered to support plant life (soil abstrate and vegetation), in order to absorb raihémd
decrease building energy usage for cooling.

Impervious (or |mpermeable) Surface: surfaces composed of materials that do not allatemto penetrate into the
ground, but instead cause rainwater to become ffunof

Low I mpact Development (LID): a suite of development methods that aim to minitheémpact that development has
on the on- and off-site stormwater quality and ditgrfrunoff) and enhance the environmental perfance of a site;
includes use of green infrastructure and site degidnciples that consider the existing, naturghdgraphy, geology
and plant ecology of the site (EPA 2007).

Natural Landscaping: creates greenspace by mimicking what works natumlbur own geographic location; also
provides ecosystem services like stormwater fittratanimal habitats and low-maintenance groundezov

Pervious Concrete: concrete with a high porosity (ratio of air spacefilled space) and permeability, allowing water t
seep through the concrete rather than pooling @anstiarface.

Pervious (or Permeable) Surface: surfaces (ground, rooftop, etc.) composed of netethat allow water to permeate,
or seep into, the underlying substrate (generdhg,ground).

Rain Garden: low-lying area, landscaped with water-friendly veg®n (either wetland-specific plants or plantath
can tolerate very wet soil); designed to slow scefaunoff as well as filter pollutants.

Urban Forest: the sum total of all the trees in the urban arewliudes park trees, street trees, trees in priyatels, as

well as remnant and planted woodlots.
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URBAN HEAT | SLAND EFFECT

Albedo: the reflectivity of the Earth’s surfaces, as measuny the amount of the sun’s energy that a suifacapable
of reflecting back (as opposed to absorbing); leghdolored surfaces have a higher albedo, and cefiegreater
percentage of the sun’s incoming rays, than daskefaces.

Boundary Layer: the air or atmosphere above the tops of trees asildibgs in a city (above canopy-level).
Canopy-Level: the air in a city between ground-level and thestoptrees and buildings.

See also Figure 2.

Evapotranspiration: the combined capacity of plants to evaporate (meatr from the surfaces of the plant and
surrounding soil to the air) and transpire (movetararom within the plant, from roots, up throudtetleaves to the
air); results in decreased local temperatures dughe heat used in changing liquid water to vaponf (similar to
human evaporative cooling through sweating).

Temperature Differential: the difference, in degrees, between rural tempeeatand urban temperatures of the same
medium (rural air compared to urban air temperatusarface to surface).

Urban Heat Iland (UHI): the resulting higher surface, sub-surface andiotemperatures in cities, towns and urbarn
(and urbanizing) areas, when compared to tempeestim the surrounding rural areas.

Waste Heat: extra energy (in the form of heat), produced by mvzes, that is not used; waste heat is produceéhgur
the combustion of fossil fuels by cars and emfiteich buildings during heating and air conditioning.

FooD FROM URBAN AGRICULTURE

Community Garden: a piece of land with plots rented by individuatggooups to grow food for their personal use.

Community Supported Agriculture (CSA): consists of a group of individuals who pledge sup a farm operation so
that the farmland becomes, either legally or spalty, the community's farm, with the growers andsumers providing
mutual support and sharing the risks and benefifead production. Typically, members or "sharedwok" of the farm
or garden pledge in advance to cover the anticigatests of the farm operation and farmer's salémyreturn, they
receive shares in the farm's bounty throughouigtfeeving season, as well as satisfaction gained freconnecting to
the land and participating directly in food prodigst.

Edible Landscaping: the use of food-producing plants in the resideriatiscape; may include combining fruit and n
trees, berry bushes, vegetables, herbs, ediblefigvand ornamental plants into aesthetically piegslesigns.

Food Desert: an area where residents have limited accesspersuarkets and supercenter stores, especially ttiaste
stock fresh fruit and vegetables.

Food Safety: exists when available food products will not hahm consumer when eaten in the manner intendeal for
particular food.

Food Scarcity: exists when people lack access to sufficient ateairsafe and nutritious food, which may be dug¢o
unavailability of food, inadequate purchasing powarinappropriate utilization at household level.

Garden Tower: a self-contained vertical garden and compostirgesyinvented locallyby a Bloomington resident.

Greenhouse: a glass structure with a controlled environmeratttis used for the cultivation or protection of pia

Grow Bag: a hanging container filled with sterile growth menti and nutrients designed to enable a plant taibg f
grown within itself.

Living Wall: a self-sufficient vertical form of garden that aft@s to the exterior or interior of a building. krig walls

differ from green facades (e.g. ivy walls) in thie plants root in a structural support which istiened to the wall itself
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The plants receive water and nutrients from withia vertical support instead of from the ground.

Peri-Urban Farm: agriculture units located close to town on the urlfenge that operate intensive semi- or fully-
commercial farms to grow vegetables, raise livdstaad produce milk and eggs.

Raised Garden Bed: usually framed by some type of barrier such aseinay stone, these containers are elevated ab
ground level in areas where poor quality soil exisd that better quality soil can be placed inte lieds

ove

Sustainable Agriculture: is an integrated system of plant and animal prdidmcpractices having a site-specific
application that will over the long-term (1) satigiuman food and fiber needs, (2) enhance envirotahquality and
the natural resource base upon which the agricéteconomy depends, (3) make the most efficierdfusmrenewable
resources and on-farm resources and integrate rétiplogical cycles and controls, (4) sustain #nomic viability
of farm operations and (5) enhance the qualityifeffor farmers and society as a whole.

Urban Agriculture: the growing of plants and the raising of animalthim and around cities.

Vertical Farming: a proposed agricultural technique involving largeate farming in urban high-rises or
"farmscrapers” that uses recycled resources andgh®use methods to produce fresh food year-round.

HUMAN HEALTH AND WELL -BEING

Human Health and Well-being: “a state of complete physical, mental and socialveing and not merely the abseng
of disease or infirmity.”

(World Health Organization, as quoted in TzoulaaleR007).

D

Physiological: related to the human body’s biological, physicadahemical functioning.

Restorative Experience: an experience that allows a person to recover feosituation of intense stress, excitement, @
other period of significant effort; an opportunity recharge following mental or physical exertion.

=

WILDLIFE HABITAT AND BIODIVERSITY

Backyard Wildlife Habitat: small, naturalized landscapes (many times, in pesfdack or front yards) that
intentionally provide habitat for urban wildlife drare designed to attract birds, butterflies anddarall mammals.

You can get information on how to create your owankgard Wildlife Habitat at the ECNatural Landscaping website
Then, visit theNational Wildlife Federation’s Backyard Wildlife Haat webpageo get your yard registered!

Biodiversity: the wealth of genetic and species diversity thaimises an ecological community; diversity implies
variation both within and between species poputejas well as the total number of species in atogical
community.

Ecological Community: a group of organisms living in the same place artdracting with one another; individual
organisms and groups of species interact with amattger through competition for food, water and streland through
predation and the food web.

Habitat Patches: small areas of suitable wildlife habitat (vegetaficurrounded by a matrix of urban land uses,
including buildings, roads, parking lots, and wateiys.

I nvasive Species: non-native (or exotic) plants, animals, or microltest proliferate and spread in ecosystems, causi
economic, human health, or environmental damage.

Population: a group of individuals of the same species livimg igeographically distinct location.

Wildlife Habitat: areas where animals can find food, shelter and rotleeds for survival.
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THREATS TO GREEN INFRASTRUCTURE

Greenspace: open land in a natural, restored, or landscapedestancluding vegetation and forested areas as a=l|
grassy fields or park land.

TheCity of Bloomington Environmental Commission grgaee analyses and repoidefines greenspace as land that
meets three criteria:
1) “The area must possess a permeable surface.”
2) “The area must be greater than one contiguous &cre.
3) “The area must be more than ten feet from any makendvelopment, such as roads, parking lots, and
buildings.”

(Bloomington Environmental Commission (BEC) & Chusknkle 2007: 1)
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